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PREFACE  TO  THE  SECOND  GERMAN  EDITION. 


Atteb  the  appearance  of  the  first  Swedish  edition  of  this  text-book  I 
vas  asked  by  seTeral  colaborera  abroad  to  provide  a  German  translation, 
vhich  was  at  that  time  impossible  for  several  reasons.  But  I  found  it  very 
difficnlt  to  decline  a  similar  proposal  which  [  received  from  many  col- 
leagues after  the  second  edition  appeared. 

I  yielded,  therefore,  to  their  expressed  wishes;  but  I  found  after  a 
time  that  it  was  impossible  to  obtain  a  translator  in  this  special  province 
of  science,  notwithstanding  the  unwearied  exertions  of  my  publisher. 
Nothing  remained  for  nie  but  to  undertake  the  translation  myself ; 
hence  I  ask  the  reader's  indulgence  for  possible  idiomatic  or  literal  errors. 

Specialists  will  at  once  perceive  that  the  book  before  them  is  not  a 
complete  or  detailed  text-book.  My  intention  was  merely  to  supply 
studeuts  and  physicians  with  a  condensed  and  as  far  as  possible  objective 
Teprraentation  of  the  principal  results  of  physiologi co-chemical  research  and 
also  with  the  principal  features  of  physiologi  co-chemical  methods  of  work. 
It  seems  to  me  that  I  have  followed  a  common,  practical,  even  if  not 
strictly  correct  usage  in  allowing  space  in  this  book  to  the  more  important 
pathologico-cbemical  facts,  although  I  have  given  the  book  the  title  Text- 
book of  Physiological  Chemistry. 

The  arrangement  of  subject-matter,  which  deviates  considerably  from 
that  generally  followed  in  text-books,  was  caused  by  the  manner  in  which 
physiological  chemistry  is  studied  in  Sweden.  Here  physiologico-  and 
pathologico-cbemical  laboratory  practice  is  obligatory  on  all  students  of 
medicine.  In  the  arrangement  of  such  practical  work  I  continually  kept 
in  view  that  it  should  not  consist  of  isolated,  purely  chemical  or  analytico- 
chemical  problems,  but  that,  as  far  as  possible,  it  should  always  go  hand  in 
hand  with  the  study  of  the  different  chapters  of  chemical  physiology. 

The  study  of  physiologico-chemical  processes  within  the  animal  body 
must  precede  the  study  of  its  component  parts,  its  fluids  and  tissues;  and 
this  latter  study,  according  to  my  experience,  will  then  only  inspire  true 

HI 


PREFACE  TO  THE  THIRD  GERMAN  EDITION. 


Thb  present  edition,  which  differs  from  the  second  in  the  arrangement 
of  matter,  containB  three  new  chapters.  The  wonderfnl  development  of 
onr  knowledge  of  the  chemistry  of  the  carbohydrates  in  recent  timea  has 
made  it  necessary  to  introduce  a  special  chapter  on  this  subject;  and  as 
the  two  chief  groups  of  organic  foods,  the  protein  substances  and  the  carbo- 
hydrates, are  treated  of  in  special  chapters,  the  third  group,  the  fats,  like- 
wise  has  a  chapter  devoted  to  it.  It  also  appears  appropriate  to  treat  the 
rather  extensive  subject  of  the  chemistry  of  respiration  in  a  special  chapter 
and  not,  as  heretofore,  in  connection  with  the  blood.  Another  deviation 
from  the  earlier  editions  is  that  the  present  edition  is  supplied  with  the 
references  to  the  literature,  iu  pursuance  of  the  request  made  on  many  sides. 
This  edition  is  also  thoroughly  revised  and  enlarged  according  to  the  advance- 
ment of  the  science;  still  it  was  naturally  impossible  to  incorporate  into  the' 
text  the  various  papers  appearing  or  accessible  to  me  during  the  printing  of 
this  edition. 

OlOF   HAHMASSTEy. 
Upsau,  April,  1890. 
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CHAPTER  I. 


iNTnoDucnos. 


It  foHoKTS  from  the  law  of  the  oonserration  of  foroe  and  mailer  that 
living  beings,  plants  and  animals,  can  produce  neither  new  matter  nor  new 
force.  Tiiey  are  oolj  called  upon  to  apj)ropriate  and  asaimitate  already 
existing  material  and  to  transfnrni  it  into  new  furme  of  force. 

Oat  of  a  few  relatively  simple  eombttuktions,  especially  carbon  dioxide 
and  water,  together  with  ammonium  componndA  or  nitrates,  and  a  few 
mineral  aubatancte.  which  serTe  as  its  food,  the  plant  builds  np  the 
«streine1y  complicated  uonHLiLneuts  of  its  organiHm,  proteids,  carlK)hydrates, 
£ats,  resina,  orgauio  acidn,  etc.  The  chemical  work  wliicli  is  performed  in 
the  plant  moat  therefore,  in  the  majority  of  case^  contiiat  in  eyiktlieaesi  but 
besides  these,  processes  of  reduction  tuke  place  to  a  great  eitent.  Th» 
kinetic  energy  of  the  siinllgbt  induces  the  green  parts  of  the  ]>ltHit  to  split 
oCE  oxygen  from  the  carbon  dioxide  and  water,  and  this  redaction  ig  geiteridly 
considered  as  the  Rtarling-point  oF  the  following  sTntlieses.  In  the  first 
place  formaMeliydo  Ik  jirodnced,  00^  -j-  H^O  =  CII^O  +  O, ,  which  then 
by  condensation  is  transformed  into  dextrose,  and  this  then  serves  in  the 
itructnrc  of  other  bodies.  The  kinetic  energy  of  the  sun,  which  produces 
this  splitliug,  is  not  lost;  it  is  only  transformed  into  another  form  of  Torce 
•^into  the  potential  energy  or  chemical  tension  of  the  free  oxy^^n  on  the 
one  side,  and  the  combinations  Ws5  oxygenated,  p.oduced  by  the  synthesis, 
on  the  other  side. 

These  conditions  are  not  the  same  in  animals.  They  are  dependent 
either  directly,  as  the  herbiroru,  or  indirectly,  as  the  carntvora,  upon  plant* 
life,  from  which  they  derive  the  throe  chief  groups  of  organic  natritiTe 
matter — ^proteids^  carbohydrates,  and  fats.  These  bodiee,  of  which  tho 
protein  substances  and  fat  form  the  chief  mass  of  the  animid  body,  undergo 
wilhin  the  animal  organism  a  cleavage  and  oxidation,  and  yield  as  tinal 
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prodncts  exactly  the  above-mentioned  chief  components  of  tlie  nutrition  of 
plants,  namely,  carbon  dioxide,  water,  and  ammonia  derivativea,  which  fire 
rich  in  oxygen  and  hare  little  energy.  The  chemical  tcneion,  which  is 
partly  combined  with  the  free  oxygen  and  partly  stored  up  in  the  abore- 
mentioned  more  coiiip1e.t  chemical  coiri|)oimd8,  is  traiisformed  into  living 
iorco,  heat,  and  met^tmnical  work.  While  in  the  plant  reduction  procesBes 
and  ByntheBBB,  trhich  are  active  in  the  conversion  of  living  foroe  into 
potential  energy  or  cliemical  tension,  are  the  prcviuliug  forces,  we  find  in 
the  ttiiinial  body  tlie  reverse  of  thia,  namely,  cleavage  and  oxidtttion 
processes,  which  convert  chemical  tension  into  living  force  {inn  viva). 

This  diQerence  between  auimals  and  plants  must  not  be  overrated,  nor 
mufit  wo  consider  that  there  eiiBts  a  sharp  botindarj'-line  between  the  two. 
This  is  not  the  case.  There  are  not  only  lower  plants,  free  from  chloro- 
phyll,  which  in  regard  to  chemical  ])roce3sefi  represent  intermediate  ateps 
between  higher  plants  and  anirnnle,  IniL  tlie  dilTerence  eiisting  between  the 
higher  plants  and  animals  is  more  of  a  quantitative  than  »  qualitative  kind. 
naiil«  require  oxygen  as  peremptorily  na  do  animals.  Like  the  animal,  the 
plant  also,  in  the  dark  and  by  means  of  those  parts  which  arc  free  from 
chlorophyll,  takes  up  oxygen  and  eliminates  carbon  dioxide,  while  in  the 
light  the  oxidation  processus  going  on  in  the  green  parts  are  overshadowed 
or  hidden  beneath  tlie  more  intenge  reduction  processes.  Like  the  animal 
the  fcmicntive  fangi  transform  chemical  tension  into  living  energy  and 
heat;  and  even  in  a  few  of  the  higher  plants — aa  the  arouhtp  when  bearing 
fmit — a  considerable  development  of  heat  has  been  observed.  The  reverse 
is  found  in  the  animal  organism,  for,  besides  oxidation  and  splitting,  rcdtic- 
tion  processes  and  syntheeea  also  take  place.  The  cnntr&Rt  which  seemingly 
exists  l>etween  animals  and  plants  consists  merely  in  that  in  the  animal 
organism  the  processes  of  oxidation  and  splitting  are  prevalent,  while  in  the 
plant  thoeo  of  reduction  and  synthesie  have  thus  far  been  observed. 

WoHLEH '  in  182-t  famished  the  first  example  of  sYNTiiETTrAT, 
PROCESSES  within  the  animal  organism.  He  showed  that  when  benzoic  acid 
is  introduced  into  the  stomaoh  it  reappears  as  hippuric  acid  in  the  urine, 
after  it  combines  with  glycocoll  (amido-acetic  acid).  Since  the  discovery 
of  this  synthesis,  which  may  be  expressed  by  the  following  equation, 

C,E,.COOU  +  >JH..CH,.COOU  -  >II(C.n..CO).CH,.CO0H  +  H,O, 

BriwoIc  acid  QljvocoM  Illppnrlc  adil 


and  which  is  ordinarily  considered  an  »  type  of  an  entire  series  of  syntheses 
occnrring  in  the  body  where  water  is  eliminated,  the  number  of  known 
syntheses  in  the  animal  kingdom  hoi  increased  considerably.  Many  of 
these  synthesee  have  also  been  artificially  produced  outside  of  the  organisnii 

1  Bcnelius,  Lelirb.  d.  CLemIc,  QtMnwtzl  von  TVOhlsr.  Bd.  4.   Drrsden,  ISBl. 
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and  nnmerona  examples  of  animal  syntheses  of  which  the  coand  ii  abao- 
latelj  clear  will  be  fouud  iu  the  following  pages.  Besides  these  well-Bttidied 
avtiilieitee,  tliere  occur  in  tito  animal  body  aim  eimilar  processes  niKfiieiition-' 
ftblj  of  the  greatest  importance  to  animal  life,  bnt  of  which  we  ktiov 
liOthing  with  positireness.  We  ennmenit«  as  examples  of  this  kind  of 
srntheeis  the  reformation  of  Ihe  red-blootl  pigment  (the  hoemoglohin),  the 
formation  of  the  difFerent  proteida  from  the  peptones,  the  formation  of  fat 
from  carbobydratea,  and  oUiert. 

Fonnerly  the  view  was  genarallj  accepted  that  animal  oxidatiok  took 
place  in  the  fluids,  while  to-day  ve  are  of  the  opinion,  dcrired  from  the 
inveetigationB  of  PflCgsr  and  his  pupils,'  that  it  is  connected  with  the 
form-elementa  and  the  tissaes.  The  qnestion  how  this  oxidation  in  the 
fonn-elementa  proceeds  and  bow  it  is  indnoed  cannot  be  aDswerei]  with 
certain  tj. 

When  a  body  is  oxidized  by  neutral  oxygen  at  ordinary  temperature  or 
at  the  temperatnro  of  the  body,  the  body  is  called  easily  oxidized  or  oiito- 
oxidtzed  and  the  process  is  called  a  direct  oxidation  or  autooxldation.  Aa 
the  oxygen  of  the  Inhaled  air,  as  also  of  the  blood,  is  neutral,  molecular 
oxygen,  the  old  assamption  that  ozone  oocurs  in  the  organiam  has  now  been 
discarded  for  several  reaaoue.  On  the  other  hand  the  chief  groujta  of 
organic  nntritires,  carbohydrates,  fat,  and  proteids,  the  last  two  forming 
the  chief  mass  of  the  animal  body,  are  not  antooxidizable  snbstancee.  They 
are  on  the  contrary  brodoxidizable  (Tkaube)  or  dysoxidizablc  bodies. 
They  are  nearly  indifferent  to  neatnd  oxygen,  and  it  is  therefore  a  qnaaiion 
how  an  oxidation  of  theae  and  other  dysoxidizabte  bodies  is  possible  iu  the 
aojuial  body. 

1.1  explanation  it  is  very  generally  admitted  that  the  oxygen  is  mode 
actiT«  and  this  caasea  a  secondary  oxidation.  It  is  generally  conceded  that 
in  autooxidation  a  cleavage  of  nontrsl  oxygen  takes  place.  The  antooxidiz- 
able aobetance  splits  the  oxygen  molecule  and  combines  with  one  of  the 
oxygen  atoms,  while  the  other  free  atom  as  actire  oxygen  may  oxidize  the 
simnltaueously  present  dysoxidizable  substances.  Such  a  subordinate  oxi- 
dation ia  called  an  indirect  or  secondary  oxidation.  The  explanation  of 
aainial  oxidations  lias  been  attempted  by  the  supposition  that  the  oxygen  is 
made  active  and  thus  prodncoti  secondary  oxidation. 

The  cause  of  the  animal  oxidation  is  considered,  by  Ppi.CnRR  and 
seTeral  other  investigators,  to  bo  dependent  upon  the  special  constitution  of 
the  protoplasmic  proteids.  This  inveatigator  calls  the  proteids  outside  of 
the  organism,  mad  aUo  those  which  circulate  iu  tbe  blood  and  Unida,  "  non- 
living proteids*'  aa  compared  to  those  which  are  converted  by  the  activity 


'  rflDger.  rnager'i  An-liiv,  Bdd.  6  and  10;  Flakier,  ibid.,  Bdd.  10  and  14;  Oerlmnn, 
Aid.,  Bdd.  14  aad  18 ;  Boppe^-yter.  enS..  Bd.  7. 
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of  tho  livitig  cell  into  liring  protoplasm,  which  lie  calls  "  living  proteida  ** 
or  a  epecial  form  of  protejii  vallc<l  "active  proteiil  "  by  Luew.  It  is  now 
uliK)  considereii  that  this  "living  prole  id  "  differii  from  the  "non-living 
proteiil  '*  bj  a  greater  mobilitj  of  the  atoms  within  tlie  molecule,  utid  it 
may  be  characterized  by  a  greater  inclination  towards  intramolecular 
changes  of  position  of  ilieso  atoms.  The  reason  for  these  grejiter  intm- 
molecalar  moTements  PplCuer  ascribes  to  the  presence  of  cyanogen, 
LoEw  to  the  presence  of  iildehydic  groups,  arri  Latham'  attributes  it  to 
the  presence  of  a  chain  of  cyanalcohols  in  the  proteitl  mloectile. 

PflCger  considers  these  differences  between  ordinary  protcids  and 
living  protoplasmic  protelds  aa  the  cnnse  for  the  oxidation  processes  in  lite 
animal  organism.  These  processes  show  certain  similarity  to  the  oxidation 
of  phosphorns  in  an  atnioj.pherd  containing  oxygon.  In  this  process  the 
phosjihorus  is  not  only  itself  oxidized,  but,  us  it  splits  the  oxygen  molecules 
and  sets  free  oxygen  atoms  (active  oxygen),  it  may  canse  at  the  same  time 
an  indirect  or  secondary  oxidixing  action  npon  other  bodies  preaert.  In  an 
analogOQS  way  the  liTing  protoplasmic  proteid,  which  is  not,  like  dead 
protcid,  indifterent  to  molecalar  oxygen,  may  canse  a  splitting  of  the 
oxygen  molecule,  thus  becoming  itself  oxidized,  and  at  the  itame  time 
setting  oxygen  atoms  free,  which  may  caose  a  secondary  oxidation  of  other 
leas  oxidizable  substances. 

According  to  PjlCokb  tlje  oxygen  may  Ihj  made  active  in  this  way. 
Active  oxygen  may  also  be  produced,  according  to  O.  JiAS.«K,  by  a  liydroxv- 
lization  of  the  consiitoents  of  the  protoplasm  with  the  splitting  off  of  naole- 
colea  of  water.  If  benzaldehyde  is  shaken  with  water  and  air  an  oxidation 
of  the  benzaldehyde  into  benzoic  acid  takes  place,  while  oxidizable 
snb^itances  present  at  the  same  tiroe  may  also  be  oxidized.  The  simnl- 
taneons  presence  of  potassium  iodide  and  starch  or  tincture  of  gnaiacum 
causes  a  blue  coloration  becanse  the  hydroxy]  (Oil)  takes  the  place  of  the 
hyd  rogen  in  the  aldehyde  gronp,  and  these  two  hydrogen  atoms,  one  derived 
from  the  aldehyde  and  the  other  from  the  splitting  of  the  water,  hare  a 
■putting  action  ou  the  niolecnlar  oxygen.  Na&sb  and  KiJsisn  '  have  found 
that  certain  varieties  of  proteid  have  the  property  of  being  hydroxylized  in 
the  presence  of  water,  and  they  inclnde  among  these  proteids  the  substance 
phiiotJiion  prepared  by  De  Rey-Pailiiadb  '  from  yoast  and  animal  tissaes 


'  PflQger'ft  Ardilv,  BJ.IO;  LoewnudBokorn/.  PflQger'aArchlv.  Bil.  35  ;  and  Locw, 
ibid..  Bd.  30 ;  O.  Locw.  Tbe  Energy  of  Living  Protoplasm.  Loodoo.  18M  ;— Latbsm. 
British  Mnliral  Juurnal,  1S80. 

•  U.  N'&MW.  Roetocker  ZeltUDg.  No.  S34.  18&1.  and  No.  8&S,  1S95  ;— E.  ROsiag,  tTnler* 
sudiuogen  Obc>r  die  Oxydailon  tod  Eiwclu  Id  Gegenwarl  von  Schwefel.  Itiaug.  Dla. 
■erf.     RcMlock.  1891. 

*  De  R«y-PsI1had«.  IlccheT«bc«  cxp£r.  aiirlePbilotblnn,  etc.   Parii,  IBSI  i—NouTelles 
<Kbu  nir  It!  Phllotlilou.     Paris.  1883;— nod  Cbem.  Cectmlbl..  1«V7,  Bd.  2.  S.  0B& 
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•nd  congidered  1>y  him  as  an  oxidation  fermQnfc.  According  to  N^assv  a 
whole  series  of  oxidations  in  the  animal  body  mar  he  accontited  for  by  tfaa 
oxygen  atoms  set  free  in  the  bydroxylizacion  similar  to  that  of  benudde- 
hyde. 

Another  rary  widely  diffnaed  view  exists  in  regard  to  the  origin  of  the 
activity  of  the  oxygen,  namely,  that  hy  the  decomposition  processes  in  the 
tiasnes  reducing  substances  are  formed  which  split  the  oxygen  molecole* 
uniting  with  one  oxygen  atom  and  setting  the  other  free. 

The  formation  of  reducing  Bubatances  during  fermentation  and  pntre- 
faction  is  generally  known.  The  bntyric  fermentation  of  dextrose  in  which 
hydrogen  ia  set  free— C,U„0,  =  C.H.O,  -\-  2C0,  +  2(U,>— is  an  example 
of  tills  kind.  Another  example  is  the  apjiearance  of  nitrates  in  consequence 
of  an  oxidation  of  nitrogen  in  cases  of  putrefaction,  which  process  is  onli- 
narily  explained  hy  the  statement  that,  iu  pntrefaction,  redncing,  easily 
oxidizable  bodiee  are  formed  which  split  oxygen  molecules,  llbcmtiog 
oxygen  atoms  which  afterward  oxidize  the  nitrogen.  It  is  o^amed  also 
that  the  cells  of  the  animal  tissoes  and  organs  have  the  property  like  these 
lower  organisroa,  which  cause  fermentation  and  pntrefaction,  of  causing 
splitting  processes  in  which  easily  oxidizable  HiibstaDces,  perha]>»  also 
hydrogen  in  statu  ruucendi  (Uoi-fE-SKVLHE),  are  prodnced.  The  obserra- 
tions  of  Ebiujoh,  that  certain  blao  coloriDg  matters^alizarin  bhie  and 
indophenol  bine — are  decolorized  by  the  tisanes  of  the  living  animal  and 
become  bine  again  on  exposure  to  air,  seem  uleo  to  be  a  proof  of  the  occur- 
rence of  easily  oxidizable  combinations  in  tlie  tissnes.  A  fnrther  proof  of 
this  is  fonnd  in  tlie  observations  of  0.  Ldliwio  and  Alex.  ScnitinT,'  that 
in  the  blood  of  a8phyxiat«d  animals,  as  well  as  in  the  absence  of  oxygen,  an 
accnmnlation  of  reducing,  easily  oxidizable  substances  takes  place. 

In  accordance  with  what  has  been  stated  above,  wo  may  assume  that  the 
oxidation  in  the  animal  body  takes  place  in  the  following  manner:  The 
forces  pecniiar  to  protoplasm,  unknown  to  ns,  but  acting  similarly  to  heat 
or  the  enzymes,  cause  a  cleavage,  producing  reducing  and  readily  oxidizable 
products  on  one  side  and  ditVicultly  oxidizable  prodncta  on  the  other.  The 
first  may  be  directly  oxidised,  causing  also  a  secondary  oxidation  of  dysoxi- 
disable  bodies.  The  prodncta  formed  by  thoae  splittings  and  oxidations 
may  perhaps  iu  part  he  bnrnod  witliiu  the  body  without  undergoing  farther 
olearage,  but  they  mast  probably  first  undergo  a  farther  cleavage  and  then 
Buccnmb  to  consecutive  oxidation,  until  after  repeated  cleavage  and  oxida* 
tion  the  final  products  of  metabolism  are  formed. 

Nevertheless  there  are  several  investigators  who  do  not  admit  of  the  snp- 


1  Bo|>pe-S«>-ler,  Pflbger's  Arcblv.  Btl.  13;  P.  Rlirllcb.  I>M  BDiierstoffbedQrfDiss  del 
O^aoiKuus.  Berlia.  188Q;— Alex.  Schmidt.  Arbeiica  uui  dcr  pb^ifol.  Ausialt  zu 
Ulpalg.    18«7. 
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pofti^on  of  the  oxygen  beconuDg  actire.  According  to  TRAtrsE,  in  antoozi- 
dation  we  have  to  deal  in  the  tlrat  place,  not  with  a  cleavage  of  the  oxygen, 
but  with  a  Bjilittiog  of  water  in  which  the  hydroxy!  groupB  of  the  water 
combine  with  the  ozidizable  substance,  while  the  liydrogenaiom  set  free  on 
the  decomposition  of  the  water  unites  with  the  neatral  oxygen,  forming 
hydrogen  peroxide,  which  may  natnrnlly  have  aii  oxidixiiig  action.  Accord* 
ing  to  the  view  of  Bach,  wluch  coincides  essentially  with  the  views  of  Eng- 
LEB  and  Wild,  oxygen  atoms  are  not  taken  up  iu  autooxidation,  but  entire 
oxygen  molecnlee,  which  by  the  mptnre  of  the  double  bonds  of  the  oxvgea 

R— O  '  0 

jaolecole  f onn.  peroxidfl  combinationa  with  tb«  foimnla,  I  or  R'<^  ] . 

These  can  then,  like  hydrogen  peroxide,  give  Tip  an  oxygen  atom  to  a  dy- 
soxidizable  substance,  passing  into  normal  simple  oxides  K,0  or  K"0.  Bach' 
explains  in  this  way  the  oxidation  process  of  the  animal  body. 

Medtedew*  has  studied  the  conditions  for  the  oxidation  of  salicylalde- 
hyde  by  tissue  extracts.  He  has  found  on  oxidation  that  two  molecules  of 
the  above  aldehyde  react  with  oxygen  instead  of  one.  His  inve«tigatioua 
also  coincide  with  the  views  of  Back,  Enqleb,  and  AVild  that  a  peroxide 

.0 


combination. 


C.H..OH.C^ 

0,H..OH.C< 
^0 


ia   produced   as   intermediate   step   in  this 


oxidation. 

All  the  views  preaented  thus  far  assume  a  continnons  oxidation  of  the 
primary  active  substance.  The  view  liaa  also  been  suggested  that  animal 
oxidation  may  be  brought  about  by  oxygen-carriers,  i.e.,  by  bodies  which, 
without  being  oxidized  themselves,  act  in  an  analogous  manner  to  the  nitric 
oxide  in  the  mannfactnre  of  sulphuric  acid  by  alternately  taking  up  and 
introdnoing  oxygen  in  the  oxidation  of  dysoxidizable  bodies.  Tbaube  has 
for  a  long  time  explained  the  oxidations  of  the  animal  body  in  this  way>  and 
h«  calls  these  questionable  oxygon-carriers  oj  iiiadon  feriaents.* 

It  has  also  been  positively  proven  by  the  researches  of  Jaqi'ET,  Sal- 
KowsKi,  Spitzes,  I^ouua^in,  Ahelous  and  BiAitxiis,  Bertband,  Bou- 
QUELOT,  Db  Rct-Pailhadb,  MBt>TBi>EW,  PoitL,'  and  others,  that  in  the 

'  M.  Tmtjbc,  Ber.  d.  deatscli.  cbem.  Owellfch  ,  Bd<\.  15.  18.  111.  22,  iind  2«;  Engltr 
AoU  Wild,  ibid.,  Bil.  30  ;  Bacb,  L«  Moulleur  scIeDtiflque,  It!»7,  and  Compl.  rend.,  Tcme 
IM. 

»  PilOger'B  Arelilv,  Bd.  74. 

*  ac.  Tmubo,  Tbeorie  der  F«rmeQtwlrliung«tt.    Brrllo,  1858. 

*  Jttquet.  Arrh.  f.  esp.  Pttth.  u.  Pbunn.,  B«!.  ?0 ;  Bnlktiwnkl.  Ontmlbl.  f.  d.  tnrA. 
Wlsseasclu.  iei92  and  18H  .  Virchnw's  Arcb..  U<t.  147  :  Spltzt-r,  Tflnger's  Arcliiv.  Udd. 
60  and  07 ;  Splf  zcr  and  HJMimaan,  Ber.  d.  deulsctt.  cbem.  OcHllscfa.,  Bd.  8S ;  Abeloui 
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and  difTerent  tissnes  of  tho  animal  body,  as  also  tn  pljtnl-cells, 
BRl»tatice8  occur  which  have  the  |iroperiy  of  caaeiDg  certain  oxi<lutii>tiK  and 
are  therefore  called  oxidation  ferments  or  oxidases.  The  exact  kiiou'leilge 
of  the  DBtnre  of  these  oxidatioa  fermeuta  has  been  somewhat  adranced  by 
Spitzer,  vho  has  been  able  to  isolate  ferruginous  niic1eoproteii]H  front 
different  animal  orgasa,  such  a&  the  lirer,  kidners,  testicles,  pancreas, 
which  act  as  oxygen-exciters.  These  proU-ida,  whose  iron  Spitzkh  cou- 
siderfi  of  special  importance,  readily  deconijKMte  hydrogen  peroxide,  but  they 
may  aUo  be  detected  ia  other  ways,  Bocb  us  by  die  formation  of  iodophenol 
from  lY-naphthol  and  paraphenyldiamin  in  the  presence  of  alkali.  It  is 
dilficuU  at  the  present  time  to  judge  of  the  imjiortance  of  the  uxidatioD 
fermentii  which  have  been  isolated  from  dead  tisaDes,  in  the  oxidutioa 
processes  of  the  living  animal  body.  Further  investigations  as  to  the 
natare  and  action  of  these  bodies  is  very  much  to  be  dcBired. 

LoEW,'  who  has  opposed  tlio  view  as  to  the  oxygen  becoming  active  with 
the  setting  free  of  oxygen  atom<!,  has  songht  for  the  reason  of  the  oxidations 
in  the  active  proteid  of  the  cells.  The  active  movement  of  the  atoms 
within  the  active  proteid  molecule  ia  transmitted  to  the  oxygen  and  to  the 
oxidizablesobstance,  and  when  the  dissolution  of  the  molecnle  has  proceeded 
to  a  certain  point  the  oxidation  occurs  by  the  chemical  afHoity.  This 
oxidation  is  according  to  LoRw  a  cauilyFis,  which  HhowA  great  analogy  to 
the  oxidation  of  alcohol  under  tlie  influence  of  platinum-hlack. 

ScnuiEDEDKRO,*  who  also  denies  the  snppositiou  that  the  oxygen 
becomes  active,  is  of  the  view  that  tlie  tissue  by  the  mediation  of  the  oxida- 
tions do  not  increase  tlie  oxidizing  ncijvity  of  the  oxygen,  bat  more  probably 
set  on  the  oxidizing  (>nbstancea,  making  them  more  acceeaible  to  oxidation. 

The  many  different  views  in  regard  to  the  oxidation  procsBses  show  tis 
strikingly  how  little  positive  is  known  about  these  processes.  The  occar- 
Tence  of  numerons  intermediary  decomposition  prodocts  in  the  animal  body 
teaches  ns  that  the  oxidations  of  the  constituents  of  the  body  are  not  in- 
etantaueoQB  and  sudden,  but  take  place  step  by  step,  and  hand  in  hand  with 
cleavages.  Most  investigators  are  agreed  that  these  decompositions  are 
similar  to  oertain  oxidations  studied  by  DaErHSBL*  outside  the  animal 
body,  where  oxidations  and  reductions  in  quick  succession  acted  together. 


ri  Biftrtt^s,  Arcli.  de  pliyilol.  (5),  Tomo  7,  8,  nnd  9.  and  Cotnpt.  TtnA.  »r,c.  hlo)  ,  Tomo 
46 ;  llcrtmud,  Aruli.  de  pbyuol.  (5),  Totnrd  S,  9,  nod  Cotupt.  reod.,  Tumck  1212.  IW,  IH  ; 
Bourqualot,  Couipl.  rend.  roc.  biul.,  ToniB  49,  aod  Compt.  rend.,  Tomo  138 ;  lie  liejr- 
Pailliude.  I.  c;  Medvedew,  PAQgcr'A  Arcli.,  Ihl.  63;  Fohl,  Arch.  f.  vxp.  Pstli,  u. 
Pbann.,  Bd.  88. 

'  O.  (<oeTr.  Ttit*  Energy  of  Llriu;;  Proloplantn.    Loniloii,  1898. 

•  Arch.  f.  exp.  Puih.  u.  Phnrm..  lid.  14. 

•Jour.  f.  pr«kt.  Cliem.  (N.  F).  Bdd.  23.  90.  88,  and  C.  Ludwlg^FestochHri.  188T. 
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The  viovs  are  divided  in  regard  to  the  miiuuer  and  origin  of  this  coopenh 
tire  action.* 

The  oxidations  in  the  animal  bodj  have  long  been  deeigoated  aa  a 
combastion,  and  siioh  a  view  is  easil}'  reeoiicilahle  witli  tlie  abo^-e-nientioned 
ricws.  In  combustion  in  the  ordinary  eeiii^e,  ns,  for  example,  the  burning 
of  wood  or  oil,  we  mnst  cot  forget  that  the  snhatances  themselvea  do  not 
combine  with  oxygen.  It  is  only  after  the  action  of  heat  h:i3  decomposed 
these  bodies  to  a  certain  degree  that  tbo  oxidation  of  the  prodiiuta  of  such 
decomposition  takcfi  place  and  is  accompanied  by  tbo  phenomenon  of  light. 

An  important  source  of  the  living  energy  developed  in  the  botly  is  to  be 
aongbt  for  in  the  cxidation  effected  by  oxygen  of  strong  potential  energy, 
but  ci.i-:avage  processes  are  also  important.  In  those  complicuted  chemi- 
cal compounds  are  rednced  to  aimplor  one^,  and  therefore  tlic  atoma  change 
from  a  labile  cfjuilibrium  to  a  stabler  one  and  stronger  chemical  affinities 
ore  satieficd,  converting  chemical  potential  energy  into  liring  energy  (iris 
viva).  Tbo  best-known  example  of  snch  a  splitting  process  outside  of  the 
animal  organism  is  the  ordinary  alcoholic  fermentation  of  dextrose, 
(',11, ,0,  ^  '^CO,  -j-  2C,H,0,  iu  which  process  heat  is  set  free.  The  animal 
body  may  aUo  have  a  source  of  energy  in  the  cleavage  processes  which  are 
not  dependent  on  the  presence  of  free  oxygen.  The  procei58e8  taking  place 
in  the  living  muscle  yield  an  example  of  this  kind.  A  removed  mnscle, 
■which  gives  no  oxygen  when  in  a  vacnnm,  may,  as  Hebmans  *  has  shown, 
work,  111  loagt  for  a  time,  in  an  atmospliere  devoid  of  oxygen,  and  give  ofl 
carbon  dioxide  at  the  same  time. 

We  call  cleavage  processes  which  are  accompanied  bj  a  decomposition  of 
water  and  then  a  taking  np  of  its  constituents  hydrolytic  cleavages.  These 
cleavages,  which  play  an  important  role  within  the  animal  body,  and  which 
are  mOEt  frequently  met  with  in  the  processes  of  digestion,  are,  for  example, 
the  transformation  of  starch  into  sugar  and  the  splitting  of  neutral  fata 
into  tlie  corresponding  fatty  acid  and  glycerin: 

C.",(C,.H„0,).  +  3U.0  =  C:,H.(OII),  +  3(C,.U,.0,). 

Tri4l«a.iiu  Gl)-crrlQ  St*«rtc  «dd 

As  a  rale  llie  hydrolylic  cleavage  processes  aa  they  occur  in  the  animal 
body  may  be  performed  outside  of  it  by  means  of  higher  temperatures  with 
or  without  the  siniultaneoiis  notion  of  ttcids  or  alkalies.  Considering  the 
two  above-mentioned  examples,  we  know  tliat  starch  is  converted  into 
sugar  when  it  is  boiled  with  dilute  acids,  and  also  that  the  fats  are  split 
into  fatty  acids  and  glycerin  on  heating  them  with  caustic  alkalies  or  by 
the  action  of  superheated  steam.     The  heat  or  the  chemical  reagents  whicb 


'  3uv  M.  Neiicki,  Arcb.  des  scteuces  biol.  d«  St.  Pcit-rKboiiig.  Totnc  1,  p.  4B8. 
*  TlDUtsucbUDgca  Qbcr  Uen  Stoffwecliael  dt-r  Munkeln.     Berlin.  18OT. 
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Bra  us«<I  for  the  perfomiaDce  of  tlieae  reaolioDs  woald  caase  inrnietliatd 
death  if  applied  to  the  liring  eystero.  Conseqnently  the  animal  organism 
mast  hare  other  meana  at  Its  disposal  which  act  similarly,  bnt  in  sach  a 
mauocr  tliat  they  may  work  without  eadaugertng  the  life  or  normal  cousti- 
tation  of  the  tissnes.  Snch  meana  hare  been  recognized  in  the  so-called 
unarganiiei fertnents  or  enzymes. 

Alcoholic  fentioutation,  aa  well  as  other  processee  of  fermeutatioa  and 
pntrera^tioii,  is  dependent  npoii  the  ]>reaenco  of  living  organcRDis,  ferment 
ftiuj^d  and  splitting  fnngi  of  different  kinds.  The  ordinary  view,  according 
to  the  researches  of  Pasteur,  is  that  these  processes  are  to  be  considered  as 
phases  of  life  of  these  organisms.  Tlie  name  orgartized  fenncnis  ov  ferments 
lias  been  given  to  snch  micro-organisms  of  which  ordinary  yea«t  is  an 
example.  Uowerer,  the  same  name  has  also  been  given  to  certain  bodies  or 
mixtnres  of  bodies  of  unknown  organic  origin  which  are  products  of  the 
chemical  work  within  the  cell,  and  w}uch  after  they  are  removed  from  tlio 
cell  still  hare  their  characteristic  action.  Sncli  bodies,  for  example  malt 
diastase,  rennin,  and  the  digestive  ferments,  are  capable  in  the  very  smallest 
qnautity  of  cansiug  a  decomposition  or  cleavage  in  very  considerable) 
quantities  of  other  substances  without  entering  into  permanent  cliemical 
combination  with  the  decomposed  body  or  with  any  of  the  cieiivage  or 
deconi]>osition  products.  These  formleas  or  unorganized  ftnneuts  are 
generally  called  finymcs^  according  to  KuHSB. 

A  ferment  in  a  more  restricted  sense  is  therefore  a  living  being,  while 
an  enzyme  is  a  product  of  chemical  processes  in  the  cell,  a  product  which 
has  an  individuality  even  wit.hoitt  the  cell,  and  wliich  may  he  active  when 
separated  from  the  cell.  The  splitting  of  invert-sugar  into  carbon  dioxide 
and  tdcoliol  by  fermentation  is  a  fermentative  process  closely  connecte<l  with 
the  life  of  tho  ycaet.  The  inveraion  of  cane-Bugar  is,  on  the  contrary,  an 
enzymotic  process  caused  by  one  of  tho  bodies  or  miitnre  of  bodies  formed 
by  the  living  ferment,  which  can  be  severed  from  this  ferment,  and  still 
remains  active  even  after  the  death  of  the  latter.  Consequently  fi^rniunta 
and  enzymes  are  capable  of  manifesting  a  dittcrent  behavior  towards  certain 
chemical  reagents.  Thus  there  exist  a  number  of  substances,  among  which 
we  may  mention  arsenious  acid,  phenol,  Balicylic  acid,  boracic  acid,  sodium 
fluoride,  chlorofonn,  ether,  aud  others,  which  in  certain  concentration  kill 
ferments,  but  which  do  not  noticeably  impair  the  action  of  tlie  enzymes. 

The  oIkivc  vit;w  as  to  the  dilTerence  between  ferments  and  enxjnics  liaa 
lately  been  essentially  shaken  by  the  researches  of  E.  BtrciiKKU.'  lie  has 
been  able  to  obtain  from  beer-yeast,  by  grinding  and  strong  pressure,  a  cell 
flnid  rich  in  proteid  which  when  iutrodnced  into  a  solution  of  a  fermentable 


<  K.  Bur  liner  ,^Ber.  il.  deutscb.  clicm.  Osscllscb.,  Bdd.  80  aud  SI ;  £.  BucliDer  aud 
Ropp,  ibid..  Bd  81.    ' 
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sngar  caoaed  a  riolent  fermentation.  The  objections  suggested  from 
Bortyrftl  sides  tliat  the  finid  expressed  atill  contained  dlBsolved  lirlnp  cell 
Riibatanco  1ms  been  answered  by  ueveral  important  obaerrations  made  by 
E.  and  IT.  Ri'firNRR.'  Among  these  observations  we  most  mention  the 
following:  The  active  constituent  of  the  cell  Ihiid,  zymase,  is  not  iuilnencod 
in  its  action  by  either  chloroform  or  Bodinm  arsenite  solntiou  (1%), 
while  these  bodies,  ou  the  contrary,  coroplctcl;  destroy  the  fermentative 
action  of  the  living  yoast-cell.  The  activity  of  the  zvmase  is  not  trnjmired 
hr  qnantities  of  glycerin,  which  completely  destrov  formentatioi^  prniliiced 
by  means  of  the  yoast-cell.  According  to  Bl'cuskk  alcoholic  fermentation 
is  not  directly  connected  with  the  organized  structure  of  the  cell,  bnt  jtro- 
dnccd  hy  solnble  products  secreted  by  the  cellt),  or  at  least  separated 
therefrom. 

If  the  concliisioiiB  drawn  by  BiTriiXRn  from  these  important  researches 
are  correct,  and  if,  aa  is  to  bo  expected,  it  can  be  applieil  to  other  micro- 
organisms, then  we  can  mulerstand  the  action  of  the  above-mentioned  anti- 
fermentative  and  anti-pTitrefactive  substances  in  tbnt  they  prevent  the 
production  of  the  active  bodies  by  killing  the  cells  or  crippling  their  fone- 

tiODK.* 

As  the  enxymcs  may  net  oiiL*iide  of  the  cell,  i.e.,  extraceiUilar,  still  this 
does  not  preclude  the  jKiseibility  that  we  may  aho  hare  enzymes  which 
develop  tlieir  action  within  tiie  cell  and  are  therefore  intracellular.  As  an 
example  of  such  an  enzyme  we  may  mention  the  enzyme  existing  io  the 
micrococcus  nreai,  which  has  the  power  of  decomposing  itrea,  and  aEeo 
another  enzyme,  produced  by  a  bactorinm,  which  decompowG.  calcium 
formate  into  calcium  carbonate,  carbon  dioxide,  and  hydrogen. 

It  is  donhtful,  indeed  highly  improbable,  whether  it  has  been  possible 
np  to  tho  present  time  to  isolate  any  enzyme  in  a  pnre  state.  Therefore 
the  nature  of  the  enzymes  and  their  elementary  composition  are  nnknown. 
Such  as  have  been  obtained  thus  far  appear  to  be  nltrogenized  and  to  bo 
simitar  in  some  degree  to  proteid  boiliea.  The  enzymes  are  considered  as 
proteid  bodies  by  many  investigators,  bnt  this  opinion  has  not  stiflicient 
foundation.  It  is  indeed  true  that  the  enzymea  isolated  by  certain  inresti' 
gators  act  like  genuine  proteid  bodies;  but  it  is  undecided  whether  or  not 
the  proi]  nets  isolated  in  these  instances  were  pnre  cnzyraes  or  wore  com- 
posed of  enzymes  contaminated  with  proteida. 


'  H.  Bucliucr,  Silzubgiber.  d.  OcsellKli.  f.  Morpliul.  ii.  I'hysiol.  Jn  MOnclien,  B.1. 
13.  181>7.  Htft  1,  wliEclislso  contftlm  llie  tlt»fii>*j«'ti  oti  ilils  topic.  See  also  Slnvciduiyi-ti. 
Bet.  (I.  dcutsch.  Cljoui.  QcfitllfvL.,  Bd.  30. 

■  The  recent  works  on  thi»  disputed  quealion  may  be  fouii.l  l-y  rcffrrrfng  t<t  Alulea. 
Ber.  d.  detilitcli.  chcm.  Gmrllaofa.,  Bd.  8t ;  Bucbner  and  lt«i)p.  >&M .  Bd.  82;  Wk> 
blewskl,  Cealnlbl.  L  Phyaiologie,  Bd.  12. 
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Tlio  eazvmea  niaj  be  eitraoted  from  the  tissaee  by  means  cfl  water  or 
glvceriii.  especially  by  tlie  Utter,  wUlch  forms  very,  stable  solutions  and 
ooosequeatly  eerres  as  a  means  of  extracting  tliem.  The  enzymes, 
generally  speaking,  do  not  ap|«ar  to  be  diflui^iMe.  They  are  readily  carried 
dovD  with  other  sabstancea  when  these  precipitate  in  a  finely  divided  state, 
and  this  property  is  eiccusively  taken  advantago  of  in  the  prejmratiou  of 
pure  enzymes.'  The  property  of  many  enzymes  of  decom|>ofiing  hydrogen 
peroxide  is,  according  to  Alex.  Schmidt,  not  dependent  npon  the  enzyme, 
but  is  cans&d  by  the  contamination  of  the  enzyme  with  constituents  from 
the  protoplasm.  This  coincides  with  the  obi>errattonii  of  jAOOitscN*  on 
MuaUin,  pancreas  enzyme,  and  diastase,  that  the  catalytic  property  may  be 
destroyed  by  proper  means  without  diminishing  the  specitlc  enzymocic 
action.  The  continued  heating  of  their  Boluliona  aboTo  -^  3*^"  C/.  generally 
destroys  most  of  the  enxynies.  In  tha  dry  state,  however,  certain  enzymes 
may  be  heated  to  100^  or  indeed  to  150°-I60°  C.  without  losing  their 
power.     The  enzymes  are  precipitated  from  their  solutions  by  alcohol. 

We  hare  no  characteristio  reactions  for  the  enzymes  in  general,  and  each 
enzyme  is  cburacterized  by  its  specific  action  and  by  the  conditions  under 
which  it  operates.  Hut  it  must  be  stated  tiiat,  however  the  different 
enzymes  may  vary  iu  ju:tion,  they  all  aeem  to  have  this  in  common,  that  by 
their  presence  an  impulse  is  given  to  split  more  oomplicateil  combinations 
into  simpler  ones,  whereby  the  atoms  arrange  themselves  from  an  unstable 
«(|nilibrinm  into  a  more  stable  one,  chemical  tension  is  trausfonne<l  into 
living  force,  and  new  prmlucts  are  formed  with  lower  heat  of  combustion 
than  the  original  Bal>!itance.  The  ]>re8ence  of  water  seems  to  be  a  necessary 
factor  in  the  perfection  of  such  decompositions,  and  the  chemical  process 
seemd  to  consist  in  the  taking  np  of  the  elements  of  water. 

The  action  of  the  enzymes  may  be  markedly  intlnenced  by  oxtornol  odd- 
ditioni.  The  reaction  of  the  liquid  is  of  special  importance.  Certain 
enzymes  act  only  in  acid,  others,  and  thu  majority,  on  the  crtntntry,  act  only 
in  neotral  or  alkaline  Iii]nid8.  (j'artain  of  them  act  in  very  faintly  at;id  as 
well  as  in  neutral  or  alkaline  solutions,  but  best  at  a  specific  reaction.  The 
temperature  exercises  also  a  very  important  influence.  In  general  the 
activity  of  enzymes  increases  to  a  certain  limit  with  tlio  temperature.  Tiiis 
limit  is  not  always  the  same,  bnt  depends,  like  the  destructive  action  of 
high  temperatures,  eascutially  upon  tho  quantity  of  enzyme  and  other  con- 
ditiooa.*    The  products  of  the  enzymotic  prooosses  exercise  a   retarding 


■  DrUcke,  Wiener  Sliziingsberlcht,  &I,  43.     \Ml. 

•  Al.   SclimitU.  Zui   IJIullelm.      U-ipzIg,   l^ii^Jaoobun,    ZelUcbr.   f.  pbysiol. 
Chcmie.  ltd.  lO.  3.  340. 

*  TnminniiD,  Zvilscbr.  t.  physlol.  Cbeni.,  Bd.  10,  &.  871  ;  PugHcsie,  PQbscr'a  Arch., 
fid.N. 
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inflnenoe  in  proportion  aa  they  ncccimnlate.  Additioni  of  Tarions  kindi 
may  bare  a  retarding  and  others  an  accelerating;  action,' 

An  enzyme  considered  in  the  proper  sense  is  one  irhich  has  the  property 
of  prodncing  hydrolytic  cleavnge.  Tlie  three  most  important  groups  of 
these  are  the  amylolydc  or  diastatic,  the  ^iroteolytxc  or  those  converting 
proteidft  into  soluble  modifications,  and  the  sfetttolytic  or  fat-splitting 
enzymes.  invtrtiyf^  which  splits  disaccharidos  into  monosaocharideSf 
belongs  to  the  true  enzyniea,  also  the  uren-  siilitfint/  aud  glucnsith-spiiiting 
enzymes,  which  occar  especially  in  higher  plants.  The  proteirj-coaffuhitiitff 
enzymes  occupy  a  spocial  poBJtion  umoDgst  the  enzymes.  The  mode  of 
mction  of  these  enzymes,  amongst  wliich  we  reckon  chymosiii  (rennin),  or 
casetn-coagulaling,  and  fibrin  ferment,  or  Llood-coagiilatlug,  is  stltl  leea 
known  than  tba  others.  U  is  rather  gc-iierally  udoiitted  that  we  here  also 
have  bo  deal  with  a  hydrolytic  cleavage,  hut  still  this  has  not  been  positively 
confirmed. 

We  are  still  in  the  dark  in  regard  to  the  manner  in  which  these  enzymes 
icL  Sturttng  with  the  assumption  that  when  the  free  ioua  are  set  free  by 
the  HCtioti  of  enzymes  the  eloctricai  conductivity  of  the  water  must  he  raibed, 
0.  Naiwe'  experimented  with  soluble  starch,  partly  boiled  and  partly 
unboiled,  and  diastttse,  and  determiiieJ  the  resistance  according  to  KoiiL- 
Kal"si:h's  method  and  nlwerved  a  coneiderahle  increase  in  the  conductivity 
of  the  active  diastase  solutions.  The  enzymes  by  their  action  show  in  many 
regards  a  great  similarity  to  so-cniled  catalytic  or  contact  action,  and  it  ia 
tlie  generulty  accepted  view  that  the  enzyme  action  consistti  of  a  transfer  of 
movement  to  the  snbstance  to  be  split. 

As  above  stated,  the  enzymes  are  of  great  importance  for  the  chemical 
processes  going  on  in  the  digestive  tract,  hnt  we  have  to  add  that  the 
resnlts  of  their  action  are  greatly  complicated  by  processes  of  putrefaction 
irhich  tike  place  in  the  intestine  at  the  same  time,  and  which  are  rausod  hy 
micro-organisms.  Micro-organiBma  therefore  exerciao  a  certain  influence  on 
the  physiological  processes  of  the  animal  body.  These  organisms,  when 
they  enter  the  animal  flaids  and  tissues  and  develop  and  increase,  are  of  the 
greatest  pathological  importance,  and  modern  bacteriology  in  relation  to  the 
doctrine  of  infections  diseases,  founded  hy  pAgTEiu  and  Kocii,  gives 
efHcient  testimony  to  these  facta. 

Putrefaction  caused  within  the  animal  finidi  and  tissues  by  lower 
organisms  may  produce,  among  others,  combinations  of  a  basic  natnre. 
Such  bodiea  were  first  found  by  Selsii  in  honian  cadavers,  and  called  by 
him  cadaver  alkaloids  or  jitomuiHrs.     These  ptomaines,  which  have  been 


t  Fermi  nud  Penios<i[.  Zollsclir.  f.  II>xicnc.  Bd.  18.    Ad  Index  of  tlic  lilcraluieoa 
enzjrDin  may  bo  found  v.  la  Moraczewskl.  PilQ^er'i  Arch.,  Bd.  69. 
■IloatOG)cerZtit.,ie94. 
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isolmtod  from  cadavers  and  eomo  from  putrcijing  proteid  mixtures,  hare 
beeD  closely  studied  by  Selhi,  BntEOEB,  and  Gadtter  '  and  aro  ootisideied 
as  productfl  of  chemical  processes  caniied  bj  putrefaction  microheg.  The 
first  ptomaine  to  be  analyzed  was  coilidin.  C,ll,,N,  obtained  by  Nkncki," 
on  the  putrefaction  of  gelatin  with  pancreas.  Since  then  many  ptomaines 
haTO  been  analyzed  by  GAtrriKU  and  especially  by  IJrieoer.  Certain  of 
the  ptomaines  originato  imdonbtedly  from  lecitliin  and  other  soH^lied 
extnctires  of  the  tissnes,  bnt  the  majority  seem  to  be  derived  from  th» 
protein  EubsLaucos  by  decomposition. 

Some  ptomaines,  although  all  belong  to  the  aliphatic  aeries,  contain 
oxygen,  and  others  are  free  from  oxygen.  The  majority  of  the  true 
ptomaines  belong  to  the  latter  group.  Most  of  the  ptomaines  isolator!  by 
Bkieoeb  are  diamines  or  compounds  derived  from  the  same.  AinonggL  Llia 
diamines  ve  have  two,  cadaverin,  or  pentamethylendiamin,  CjJi„N,,  anif 
puirMciUy  OT  tetranietliylendianiin,  (-',n,,N\,  wliich  are  of  special  interest 
becanse  they  hare  been  found  in  the  iriteHt-inal  tract  and  urine  in  certaiir 
pathological  conditions,  namely,  cholera  and  cystinnria.'  Some  of  the 
ptomaines  are  exceetlingly  poisonous,  ivhilc  others  are  not.  The  poisonous 
ones  are  called  toxines,  according  to  the  siiggcaUGn  of  Dkikger. 

The  formation  of  snch  toxinee  in  the  decompositions  caused  by  pntrefac- 
tive  microbes  makes  it  probable  that  the  lower  organisms  acting  in  infectiouB 
diseases  also  produce  [Miisonous  snbetanceH  which  may  ctiuse  by  their  action 
the  symptoms  or  complications  of  the  disease.  Briroer,  who  haa  bocoma 
prominent  by  his  study  of  this  subject,  has  been  able  to  isolate  from 
typhoid  cnltnres  a  subsLanoe  called  ti/photoxin,  wltich  liaa  a  poisonous  action 
on  animals;  and  he  has  also  prepared  another  substance,  Uianin^  from  the 
amputated  arm  of  a  patient  with  tetanus,  animals  inoculated  with  which  die 
exhibiting  symptonis  of  developed  totitniis.* 

As  above  stated,  the  chemical  processes  iu  animals  and  plants  do  not 
stand  in  opposition  to  each  other;  they  offer  differences  indeed,  Imt  Ktill 
tliey  are  of  the  same  kind  from  a  qualitative  standpoint.  PflOokk  says 
that  there  exists  a  h]ood-re[»ti<uiRliip  between  all  living  cells  of  the 
animal  and  vegetable  kingdoms,  and  that  they  originate  from  the  sumo 
root;  and  if  the  anicellnlar  plant  organisms  can  decompose  protein  snb- 


*  Selmii  Sulle  ptotn&loe  od  alalcoldt  coilavurirl  ■  loru  Imporliutu  In  loeelcologlii, 
'Bologna,  1978.  Her.  d.  deuuch.  cli«m.  GeMll»cb..  Dd.  11.  Conespoiid.  bjr  H.  SciiilT  :^ 
'Brieger,  Uetter  Ploinnlne,  PnrUi  1.  2,  and  8.     Uirllii,  188S-1880:— A.  (ianrler,  Trnlle  de 

cliiiiilt)  applUiuee  &  la  pliytlologle,  Tome  3.  Id73.     C'i>mpl.  reudus,  Tomo  9i. 

*  Ucbcr  die  Zenctziing  der  tielalluc.  viv.     Hem.  1H76. 

*  Brii-Kcr.  Bcrliu.   Win.  HVocticoschr. ,   1S97 ;  BaiimaBD  aiid  Uiliiiusky.  Zi-iLaclir.  f. 
pbTstot  Cheat.,  Bdd.  19  and  15;  Brieg«r  and  StaxJlliageu.  Uerllo.  kliii.  Wuc-betiscbr., 

'Briefer,  Vircbow's  Arch.,  Bdd.  113  and  IIS.    Also  Slizuagsber.  d.  B«rl.  Akad.  d. 
v.,  188B,  and  Bcrl.  kllu.  Wocheusckr..  1888. 
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stances  in  Bocb  a  manner  u  to  prodacc  poisonons  substances,  why  abould 
not  tliH  Atiiinal  body,  wbicb  is  only  a  collection  of  cells,  be  ablo  to  proiIucQ 
iinUvr  {ihygio logical  conditions  similar  poieonoas  substances?  It  bas  been 
known  for  a  long  time  tbat  the  animal  body  possesses  tliis  ai>i]ity  to  a  ^e&t 
extent,  and  a&  well-known  evidence  of  ibis  ability  we  may  mention  varions 
nitrogenized  extractives  and  poisonona  constituents  of  the  secretions  of 
certain  animals.  TIioso  substances  of  basic  nature  which  are  incessantly 
and  regularly  produced  as  producta  of  tbo  decomposition  of  tlie  protein 
BnbHUtices  in  the  IWing  organism,  and  which  therefore  are  to  1)0  considered 
AS  prodacts  of  the  physiolog^ical  exchange  of  material,  have  been  calledl 
leucotnaincs  by  OAt'TiRii '  in  contrail  is  1 1  action  to  the  ptomaines  and  toxine* 
jiroduced  by  nilcro-organieniB.  These  bodies,  to  which  belong  aoveral  well- 
Itnown  animal  extractives,  were  isolated  by  Galtier  from  animal  tisanea 
each  as  the  iiuiHcles.  The  hitherto  known  leuconiaines,  of  which  a  few  are 
poisonous  in  email  amoanta,  belong  to  the  cholin,  the  uric  acid,  and  tlie 
creatirtin  groap. 

The  Icucomaincs  are  cooBidered  aa  being  of  certain  importance  in  caul 
ing  diacaeo.     It  has  been  contended  that  when  theee  bodies  accumulate  onl 
accoant  of  an  incomplete  excretion  or  oxidation  in  the  system,  an  auto- 
intoxication may  be  produced  {Boucuaro'  and  others). 

The  toxines  and  the  poii^onous  leuconiaines  are,  however,  neither  the 
only  nor  the  most  active  poison  produced  by  the  phuit  or  animal  cell. 
Later  inTesttgations  have  shown  that  certain  plants  as  well  as  animals  can 
prodace  proteids  which  are  exceedingly  poisonous.  Such  poisonous  proteids 
liaTe,  for  example,  been  isolated  from  tbo  jcquirity  and  castor  beans,  as  also 
from  the  venom  of  snakes,  spiders,  and  other  animals.  The  toxic  prcteids 
produced  by  pathogenic  micro-organisms  are  of  special  interest.  Bodies 
liave  been  isolated  from  the  cultures  of  varions  pathogenic  microbes  which 
are  exceedingly  poisonons  and  which  reproduce  the  symptoms  of  infection 
more  exactly  than  the  toxines.  These  bodies,  whose  proteid  nature  is  stiU 
^Destioned,  have  been  called  toxaibumins  by  Uaieoer  and  Fkankkl. 

It  is  of  great  interest  that  we  know  also  of  proteid  bodies  ancli  aa  the 
so-called  ulexines  in  the  blood-sentDi,  which  have  a  germicidal  or  bacteri- 
cidal action.  On  the  other  hand  we  also  have  bodies  of  an  alleged  prot«id 
nature  which  produce  an  immunity  in  the  auiniul  body  against  infection 
"With  a  certain  microbe  or  protection  against  the  poiBoii  produced  by  the 
«ame  microbe,  so-called  anitioxins.  The  great  importance  of  these  observa* 
lions  is  apparent,  but  as  it  is  not  within  the  range  of  this  book  we  will  not 
further  discnss  the  subject. 


^  Bull.  eoc.  cblm.,  43,  kuiI  A.  Goutlcr.  8ur  les  B]cftloI<1es  detiv^  de  l&dcstructioa 
bactirloDDe  du  pbysiologlqu*  dcs  iIuub  anlmaux.    Paris,  1$86. 

*  Bouclmril,  Levonn  sur  Ics  Bnlo-liiloxIratlaBs  (Inns  Ivs  nialkdles.     Pari),  1887. 


CHAPTER  11. 

THE  PUOTEIN  aCBSTANCES. 

Tjie  chief  masB  of  tbe  organic  consCituenta  of  animal  ttesnoa  cooaists  of 
Amorphous,  nitrogenized,  very  coniplcx  bodies  of  htgli  molecular  weight. 
TheM  bodiei,  which  are  oithor  proteida  in  a  special  senna  or  bodies  nearlj 
relatal  thereto,  take  first  rank  among  the  organic  constitnent^of  the  uninial 
body  on  accoont  of  their  great  abtmdance.  For  this  reason  they  are  cliLSsed 
together  in  a  ipecial  groap  which  has  received  the  name  protein  group 
(from  trpcoTevo,  I  am  the  firat,  or  take  the  first  place).  Tho  bodies 
belonging  to  these  several  groupa  are  called  protein  aubatancejt^  althoogh  in 
a  few  caaea  the  proteid  bodies  iu  a  special  Bense  are  designated  by  tho  same 
name. 

The  several  protein  auistancc^  contain  carbon^  hydrogen^  niirogat,  and 
oxygen.  The  majority  contain  aleo  sulphur^  a  few  pftoaphorus^  and  a  fow 
also  iron.  Copper^  ioditie,  and  bromine  have  been  found  in  some  few  cases. 
On  heating  the  protein  eiibstances  they  gnuhrully  decompose,  producing 
infhimmable  gasea,  animoniacal  compounds,  carbon  dioxide,  water,  nitrogen- 
bod  bases,  an  well  as  many  other  bodies,  and  at  the  same  time  thoy  emit  a 
strong  odor  of  bnrnt  horn  or  wool.  On  de«p  cleavage  witli  ueids  they  all 
yield,  beeide^  nitrogenous  bttses,  abauduuce  of  monoanitdo  acids  of  difleretit 
kinds.' 

It  is  at  present  impossible  to  decide  on  a  classification  of  the  protein 
-•iibfltances  baaed  upon  tbeir  properties,  reactions,  and  constitution,  as  well 
as  utwu  Lbeir  solubilities  and  precipitations,  corresponding  to  the  demands 
of  science.  The  best  classification  is  perhaps  the  followiog  systematic 
summary  of  the  better  known  and  studied  animal  protein  stibstaace^,  due 
cliioflv  to  IIoppe-Setler  and  Drecitsei,.' 


<  Accurding  to  Ihe  vfitw  gcuerally  ncuqited  up  to  Ibc  present  llmo  only  tbtiso  aub- 
■Uiices  arc  called  true  proteins  which  also  yielded  moooninldo  acl'Is  on  cleav&^G.  Tli« 
pfobtmlDS  will  IbcreforB  be  iHmmuihchI  assn  apciendix  to  the  prutein  Bubalanccii. 

•  Bee  "  Blweiwk&rper,*'  Ladenburg's  Handw&rterbucb  derCbeisle.  Bd.  3.  S.  W4-389, 
which  gives  a  very  complete  sumninry  of  tbe  literature  of  protein  substance*  up  to  1885. 
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I.  Simple  Fzoteids  or  Albmnlnoiu  Bodlei. 

i  Seralbumin, 
Ovalbumin, 
Lactalbumin. 
r  FibrinogeUt 

Globulin. J^J""*"/. 

j  Muscuhn, 

I  CryataUin. 

Huoleo-aibmomi i  ^'"**'*> 

(  Ovovitellin  (f),  and  others. 

Albnmmate. \'^'^^  albuminate, 

\  Alkali  aUuminaie, 
Albumoies  (and  Peptones). 

Coagulated  Proteids. . .  i  f**""'  ,  .  ^  ^    ^    .       ^    ^, 

\  Proteids  coagulated  by  neat,  and  otheo. 

n.  Oompoond  Frotelds. 

HADM^lobins. 

r  Mucins  and  Mucinotds 
I  Htfalogem, 

Glycoproteids ^  Amyloid, 

Ichihulin,  and  others. 
Helicoproteid. 

Hncleoproteidi i  ^7«;"'>«.  _^    ^^ 

\  Cyioglobxn,  and  others. 

m.  Albumoidi  or  Albiunlnoldfl. 

Keratin. 

Elastin. 

Collagen. 

BeticoUn. 

(Fibroin,  Serioin,  Oorasln,  ^ngia,  OoaehioUn,  Btmu,  and  others. 0 

To  this  summary  must  be  added  that  we  often  find  in  the  investigationa 
of  animal  fluids  and  tissues  protein  substances  which  do  not  coincide  with 
the  above  scheme,  or  do  so  only  with  difficulty.  At  the  same  time  it  must 
be  remarked  that  bodies  will  be  found  which  seem  to  rank  between  the 
different  groups,  hence  it  is  very  difficult  to  sharply  divide  these  groui». 

>  The  clossIfinatioD  of  the  proteins  is  a  very  ditBcult  task,  nnd  no  one  has  up  to  the 
present  time  been  able  to  suggest  such  ti  clasffi  Sent  ion  free  from  exceptions.  Under  these 
circumstances,  and  as  it  appears  desirable  not  to  enlnrge  upon  the  existing  uncertainty  of 
the  nomenclature  in  use,  the  author  consltlers  It  unnecessary  to  change  the  nbove  sum- 
mary. In  regard  to  other  classifications,  see  Ncumeister,  Lebrbucb  dur  pliysiol.  Cbem., 
2.  Aufl.,  1807,  and  Wr6blewaki,  Ber.  d.  deutsch.  chem.  GeBellsch.,  Bd.  80. 
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I,  Simple  Proteids  or  Albuminous  Bodies. 

Th«  simple  proteids  are  nerer-failing  constitaents  of  the  animal  and 
Tegetable  orgamsmB.  Tliejr  are  eepeciall;  tonad  ia  tbe  animal  bodj,  where 
thev  form  the  aoliil  constitaenta  of  Uie  maecle^,  glanils,  and  the  blood- 
eeram,  and  they  are  bo  generally  distributed  that  there  are  only  n  few 
animal  secretions  and  excretiong^  sach  as  the  tears,  perspiration,  and  perhaps 
urine,  in  which  they  are  entirety  absent  or  only  occur  as  traoe«. 

All  ollmminons  bodies  contain  airbotiy  hydrogen,  nitrogen,  oxygen,  and 
sulphur  ;  '  a  few  contain  also  phosphorus.  Iron  is  generally  found  in  traces 
in  their  ash,  and  it  seems  to  be  a  regtilar  constituent  of  a  certain  gronp  of 
tbe  albnminons  bodies,  namely,  the  niicleo-iilliiimins.  The  composition  of 
the  different  albnminons  bodies  Tariea  a  little,  bnt  the  rariations  are  within 
relatirely  close  limits.  For  the  better  studied  animal  proteids  the  following 
oompoeition  of  the  a^h-free  substance  has  been  giren: 

C 50.6    — 54.6  per  cent. 

n 6.6    —   7.3        " 

N 16.0   —17.6       " 

S 0.3    —    3.2        " 

P 0.42—   0.85     " 

0 21.50  —  23.50     '* 

A  part  of  tbe  nitrogen  of  the  proteid  roolecnle  Is  easily  split  off  as 

ftmmonia  by  the  action  of  alkalies  (Na:4:^k).     Hy  the  action  of  nitrous  acid 

•n  protein  sobstances  only  a  very  small  part,  1~'^  p.m.,  of  the  nitrogen 

is  expelled,  showing  that  only  a  small  part  thereof  exists  as  ainido  groupi;  in 

the  protein  molecule.'     IIausmann  *  has  coudncted  investj^tions  to  show 

the  diatribntion  of  the  nitrogen  iu  the  proteid  molecule,    After  boiling  with 

Flkydrochlorio  acid  he  determined  the  amid  nitrogen  determinable  as  ammonia 

(d),  then  the  nitrogen  of   the  diamido  bodies  precipitable  by  phoapho- 

ktnngBtic  acid  (d),  and  the  nou-precipt table  nitrogen  of  the  monainido  acids, 

iHe  foaud  tho  following  percentages  of  the  total  nitrogen; 

a                   b  e 

In  crystallized  ovalbumin 8.63  21.33  67.80 

'*  seralbumin 8.90  24.95  68.38 

**  casein 13.37  11.71  75.98 

"gelatin 1.61  36.88  62.66 

'  An  L-xcvplloD  is  found  iu  tbe  mycoprotelu  of  pinrefikMron  ImctArin  mitl  Ihe  nnilirax- 
protein  of  ilie  authrax  bnclUus,  wlifdi  arc  lulpliur-frec  pruletda.  Sl'c  Ncucki  nud 
atuOCer,  Jnam.   f.  prakt.  CLsm..  Bd.  30  (N.  P.).  and  Neuckl,  Ber.  d.  deuUcb.  cbem, 

ellsdi..  B«l.  17. 

*8eeKM8c.  PHQger**  Arch.,  Bd.  S;  Pnai.  Rcr.  d.  dcutwh.  chem.  Gewllicli.,  Bd.  S9: 
SchUr.  ibid..  8.  13M,  oud  U.  Loflw.  Cbeuiikcr  Z«il.,  1»9<(. 

■Zelucbr.  t  phyilol.  Chcm..  Bd-  27. 
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He  found  approiimntelj  l-2j<  amid  nitrogen  in  trne  proteida,  which 
JB  in  accordance  with  the  results  of  other  investigiitors.  A  part  of 
the  solplinr  separates  aa  potasEium  or  Bodinni  sulphide  on  boiliug  with 
caoatic  potash  or  soda,  ami  may  ha  detected  hy  lead  acetate  (Flkitmakk, 
Dasilewsky,  KRCfiKR,  Fr.  Sciiri-z').  What  rftrnnine  caii  only  be 
detected  after  fusing  with  nitro  and  sodinm  carbonate  and  testing*  for 
lalphates.  Tho  relationship  between  the  eiilphnr  split  ofl  by  alkali  to  that 
not  split  off  is  different  in  varioua  proteiils.  In  inoet  proteids  thus  fur 
inrestigated  the  qDantity  of  sulplmr  which  can  be  split  off  amonute  to  a 
little  letis  than  one  half  of  the  total  sulphur  (Scholz).  The  proteld 
molecrile  therefore  conlains  at  least  2  atoms  of  enliihnr.  The  molecular 
weight  of  the  proteids  is  hard  to  determine  accurately,  and  the  results  giren 
lor  the  sauie  proteid,  by  varloaa  invcstigBtors.  are  often  contradictory. 
The  molecular  weight  is  goncndly  very  high.  For  tho  alka!i  albuminate, 
ill  wLofiQ  formation  from  natiro  proteid  a  part  of  tlio  nitrogen  and  sulphur 
IB  split  off,  LiekerkChn  has  given  the  formula  C„lI,„N„SO^,.  In  regard 
to  tbo  elemeutury  forinultu  of  proteids  see  Si  imiKhBBKRfi.' 

The  constitution  of  the  proteid  bodies,  noiwithtitanding  ntinierous 
inTestigations,  is  stitl  unknown,  liy  heating  proteids  with  bariam  hydrate 
and  water  in  sealed  tnbea  at  150°-200°  C.  for  several  days,  SriiiJTZES- 
BEKQER*  obtuiued  tt  number  of  products  aitiong  which  were  aniniqnia, 
oarbou  dioxide,  oxalic  acid,  acetic  acid,  and,  as  chief  product,  a  mixture  of 
amido-acids.  This  mixture  contuned,  besides  a  little  tyrosin  and  a  few 
other  bodies,  chiefly  acids  of  the  series  ('.H,,^,KO,  {leucines)  and 
0»H,„_,NO,  {Uuceims).  The  leucines  and  leuoeines  are  formed  from  n»ore 
complicated  substances,  with  the  general  formula  C„1J,„N,0^,  by  hydrolytic 
splitting.  These  substances  are  avAXcX  giuoproteins  h}i  SchCtzkntikkoek 
on  account  of  their  sweet  ta&te.  The  sulphur  of  the  proteids  yields 
fiulphites.  The  three  bodies,  carbon  dioxide,  oxalic  acid,  and  ammonia, 
are  formed  in  the  same  relative  proportion  as  in  the  decomposition  of  urea 
and  oxamid;  therefore  BphCtzek heroes  aoggesta  that  perhaps  proLcid 
may  he  considered  as  a  rery  complex  ureid  or  oxamid.  Such  a  conclusion 
cannot  be  derived  from  the  above  decomposition  processes  for  eevaral 
reasons. 

On  fusing  proteids  with  caustic  alkali,  amti.oiila,  niethyl-merc&ptan, 
and  other  volatile  products  are  generated;  also  lencin,  from  which  then 
Tolatile  fatty  ocida,  such  as  acetic  acid,  yalerianic  acid,  and  also  butyric 

'  Flellin&nn,  AheibI.  dcr  CIkmii.  iinil  Plinrni.,  BJ.  6fl ;  Danilcwuky,  ZcIr»cLr,  f,  I'liy- 
•lol.  Ctiem..  Bd.  7 .  KrDgcr.  Pllaget's  Arctilr.  Btl.  43 ;  F.  Scliulz,  Zeitscbr.  f.  phyUoI. 
OLem..  BJ.  25.  Sfc  nlso  Suti;r.  ibid.,  Bd.  20.  ftud  Dn-ctisel,  Centralbl.  f.  Ptiysiol.,  Bd. 
10,  S.  529.  Iti  regiird  lo  forma  of  bioiling  of  llto  sulphur. 

»  Arcli.  f.  exp.  Path.  u.  Pliarm.,  84).  3&, 

■  Aoanl.  de  Cliiin.  et  Plifs.  (1).  18.  aud  Bull,  soc  dilra..  S3  aod  Si. 
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ociil,  are  formed;  and  tyrosm,  from  which  later  phenol,  indol,  and  skatol 
are  prodaced.  On  boiliug  with  mineral  acids  (or  still  better  bv  boiling 
with  bTdroehloric  acid  aod  tin  chloride,  Hlasiwetz  and  Uabermann'), 
the  proteida  vietd  amido-acida,  each  a^  leucin,  aapariic  acid,  glutamic  acid, 
uiid  tyrnisiD  (and  from  Tegetahle  albumin  Srnri,zE  and  Rarbieri"  obtained 
/I'-pUenylamidopropionic  acid),  also  sulphuretted  hydrogen,  ethyl  «n]phida 
(DitEx-'U&BL*),  leacitiimid,*  ammonia,  and  nitrogenous  bases  (Drecqsel). 

AmoiigBt  the  bases  obtained  by  Drechsel*  from  casein,  and  by  hia 
pupils  K.  FiscuBK,  M.  SiEOFRiED,  and  S.  Uhdin  from  other  proteids  and 
gelatin  on  boiling  with  liytlrochloric  acid  and  tin  chloride,  we  hare  oDd 
linrtng  the  fonnnla  <^',lf,,N,0,  or  CJI,,N,0  +  n,0,  which  aeema  to  h^ 
homologous  to  creatin  or  creatinin  nod  called  lysatin  or  l^saiinm  by 
Dkeciisbl.  Another  substance,  called  lysin,  has  the  formula  G,1{,,X,0,. 
From  its  formala  we  find  that  it  is  horaologona  with  ornithine  C,Hj,N'^0, 
(Jaffe),  which  it  reeemblea  in  certain  respocta  (see  Appendix  to  l\\\^ 
Chapter). 

Uesides  these  above-men tioned  bases  JIeiun  has  obtained  m  clearage 
products  of  different  protein  substances  tlie  bases  nryinin,  C\n,,N,0, ,  first 
isolated  by  Scuulze  and  Steigbr  from  etiolated  lupin  and  pumpkin  seeds 
and  also  fitstidin,  CJI,X,0, ,  prepared  by  Kossel  from  protamina. 
llRECiiSEL  has  also  found  diamido-areiic  acid  among  the  cleavage  proiliicta 
of  casein.  On  boiling  with  baryta>water  both  lysaUtua  and  arginin  yield 
nrea  among  the  other  cleavage  products,  and  it  is  therefore  possible  to 
preparv  nrea  from  proteld  by  hydrolysis,  without  oxidation,  nuking  use  ot 
these  bases  as  intermediary  steps. 

On  the  cleavage  of  the  proteid.  globin,  contained  in  the  hu'ino^lobia 
' molecule,  with  hydrochloric  acid,  Pku^cukk'  was  able  to  regain  about  one 
half  of  the  carbon,  abont  one  half  of  the  nitrogen,  two  thirds  of  the 
hydrogen,  and  a  little  more  than  one  half  of  the  oxygen  &s  tangible  clenvage 
produclB.  On  the  other  hand  It.  L'un.v  '  has  been successf al  in  gaining  »bont 
!>7.84  of  the  proteid  (casein)  as  cryatullizable  or  tangible  cleavage  products 
in  his  ioveatigations  on  the  quautitatWe  proteid  clearage  with  liydrorhlono 


>  Ar>Dal.  d.  Cbem.  u.  rimim  .  D<ld.  l&U  and  108. 

*  Ikr.  d.  ileuUcli.  clioin.  Gi-bcIIhl-Ii.,  Bd.  16. 
»  Cenlralbl.  t.  I'lijBiol..  IM.  10. 

*  Sec-  KUlbaaseii,  Her  d.  iloutscb.  cbem.  OcscIUeb.,  Bd.  DB,  and  R.  Cohn,  ZetUcUr. 
r.  pbydol.  CbL-tu.,  B>1.  29. 

*  Sitxuogsber.  d,  nwlb  -pbyst  Klnue  il.  k.  Mclia.  Oesellocb.  d,  WiflMnachafleti,  1880, 
la  Ibe  nuiincilr  '' Oer  Abbau  der  Eiweintttofre."  Dii  Ikiia-Reymond'a  Arcb..  1801, 
t>r«eliBe1   gfvet  n  good   rcviatr  of  bU  own  luTesllgatloim  and  of  those  of  bis  pupl!x, 

'Tiwiirr,  8U-f;rric4l.  and  Hodin.    Tbc  lltuialure  of  Ibe  ftboTc-meuUoueil  basus  will  ba 
gJTi-u  tn  tlie  Appcudix  to  iLis  Clixpli^r. 

*  Zciltchr.  i.  pb/BUil.  Cbem.,  Bd.  37. 
<  Ibid..  Bd.  20. 
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acid.  Ho  approximutelr  ciUculstcd  the  leacin  as  40-50^  and  the  ^tiitamio 
acid  SO.-C.  He  obtained  strikinglj  Bmall  qnantitiea  of  basic  products.  He 
alfiA  found  CO,  and  oxalic  acid  among  the  cleavage  prodncts  of  proteids 
irith  acid. 

Proteids  are  decomposed  bj  the  action  of  proteolytic  cnzjmcs  in  the 
presence  of  water.  First  proteid  bodies  of  lower  molecular  weight  are 
formed— olbnmoflea  and  peptones — and  then  on  further  decomposition 
amido-acidi^  sncli  as  leiiciD,  t^rosiu,  and  aspartic  acid.  Both  Ijein, 
lysaliuiii,  argiriiii,  and  hit^tidiii  niay  be  produced  on  far-reacbrng  decomposi- 
tion (iu  tr>'ptic  digestion).  On  the  extensiTe  decomposition  a  chroinogen 
toay  also  be  formed,  which  gives  a  violet  color  witli  chlorine-  or  bromine- 
water.  This  chrotnogen,  which  is  formed  in  alt  far-reaching  decompositions 
of  proteids  where  leucin  and  tyrosin  are  formed,  is  chW^A  proteinochromogen 
by  Stawelmann,  and  trupiophan  by  Nei'Iieisteb.  NiiSCKi '  considers  this 
cbroinogeii  us  the  motlier-stibstanco  of  varions  animal  ]iigments. 

A  great  many  Bubstaucen  arc  prodaced  in  the  piUrefaction  of  proteids. 
First  the  same  bodies  as  are  formed  in  the  decomposition  by  means  of 
proteolytic  cnBymcs  are  produced,  and  then  a  further  deconiposition  occurs 
ttith  the  formation  of  a  large  number  of  bodies  belonging  to  both  the 
aliphatic  and  aromatic  series,  lielonging  to  the  first  series  we  hare 
ammonium  salt^  of  volatile  fatty  acids,  aiicb  as  caprolc,  Talerinnic,  and 
batyric  acids,  also  sncoinio  acid,  carbon  dioxide,  methane,  hydrogen, 
Biilphuretted  hydrogen,  niethyl-mereaptan,  and  others.  The  ptomaines  also 
belong  to  these  prodncts  and  are  probably  formed  by  Tcry  dillerent  chemical, 
processes  or  even  syntheses. 

K.  SAi.KotrsKi  divides  the  pntrofactive  products  of  the  aromatic  seriea 
into  three  groups:  {a)  the  phenol  group,  to  wliJch  tyrosiu,  the  aromatic 
cxy-acids,  phenol,  and  cresol  belong;  {b)  the  phenyl  group,  including 
plieiivlaoetic  acid  and  plieuylpropionic  acid;  and  lastly  (e)  the  indol  group, 
which  includes  indol,  akatol,  and  skatol carbonic  acid.  These  varioufl-' 
aromatic  products  are  formed  dnring  the  putrefaction  with  acoeas  of  air, 
Neki'KI  and  Bovet'  obtainod  only  p. -oxy  phenyl  propionic  acid,  phenyl- 
propionic  acid,  and  skatolacetic  acid  on  the  putrefaction  of  proteids  by 
auavroblc  schizomycctcs  in  the  absence  of  oxygen.  These  three  acids  are 
produced  by  the  action  of  noecent  hydrogen  on  the  corresponding  amido- 
acld,  namely,  tyrosin,  phenylamidopropionic  acid,  and  skatolamidoacetio 
acid,  and  these  three  last-mentioned  amido-acids  exist,  according  to 
Kencki,  preformeil  in  the  proteid  molecule. 


>  SlMlslmaun,  ZdUcbr.  t.  Binlni^ic,  Ud.  SS;  NeumeMtT,  ibid.,  BJ.  26,  S.  S2B ; 
Keuckl.  ScliweiMr.  Wochcnaclir.  f.  Pliarmncic,  1881,  ami  l}(rr.  d.  dcutscb.  cbcoi.  Ge- 
BcIUch.,  Bd.  38. 

*  Stilkowskl,  Zeltaclir.  f.  pbyslol.  Chem..  Bd.  1%  8.  2IS  ;  Neockl  und  Bovet,  MooaU-, 
heft  t.  Chem..  Bd.  10. 
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On  distillation  with  salphurtc  acid  Ibo  protetda  jielil  a  little  farfurol, 
which  iDdicatoB  the  presence  of  a  carbohydrato  group  iu  thd  protoid  molo- 
cnle.  According  to  Pavy  even  a  c^Lrbohylrutc,  which  he  considers  aa 
animal  gtun,  can  be  sph't  off  from  oralbnmin,  and  from  this  a  re<Iuciag  sab- 
stance  is  formed  on  boiling  with  an  acid.  Tills  so-called  carbohydrate  is, 
according  to  Wetdkuakn',  cert&inlj  a  nitrogenonii  sabstance,  but  Pavy  has 
Buooeeded  m  obtaining  the  reducing  aubdtauce  directly  from  oTalbumiu  by 
boiling  with  acid,  and  has  prepared  an  oaazon  therefrom.  Tliiti  osazoti, 
whose  melting'point  is  182''-185'^,  has  been  prepared  by  Krawkow'  from 
certain  other  proteids,  and  lie  therefore  concludes  that  the  carbohydrate 
groop  of  the  varioaa  proteids  is  the  same.  Tlia  fact  that  a  reducing  carbo- 
hydrate can  be  eptit  off  from  certain  protcids,  although  smalt  iu  amount, 
has  been  positirely  contirmed.  Tiie  splitting  off  of  a  carbohydrate  is  not 
possible  from  sereral  pure  protcl'li,  such  lis  casein^  ritellin,  myosin,  and 
fibrinogen.  I'p  to  the  present  time  it  baa  been  possible  only  when  impure 
proteida,  such  as  fibrin,  or  mixtures  of  various  protein  sabsttmces,  such  as 
lactalbumin,  ovalbumin,  or  seralbamia  were  used.  As  example  we  may  state 
that  •Se'EKzf.r,  as  well  as  K.  MtVuNKit,  was  unable  to  prepare  a  reducing 
carbohydrate  from  specially  purified  ovalbumin,  while  other  iuvestigatora 
claim  to  have  obtained,  said  substance.  This  circumiitaDco  can  perhaps  bo 
explained  by  the  fact  that  the  egg-albumin  is  a  mixture  of  several  sub- 
stances, among  which  is  a  glycoprotoid,  which  has  Iwon  prepared  in  a  crysLal- 
Itne  state  from  ovalbumin  by  IIoFMEisTf^it.*  The  important  ([Uestion 
whether  a  carbohydrate  group  can  bo"  split  off  from  pure  proteids  not 
contaminated  wtlli  glyroproteids  reipitres  further  proof. 

Eit'iuioi.;;  *  has  prepared  an  on&zon  from  OTalbnmin,  whioh  has  a  melting- 
point  of  SCfi^-UOU*,  while  he  was  unable  to  prepare  an  osazon  from  either 
casein  or  seralbumin.  Osazons  have  boon  prepared  by  Blumksthai.  and 
Mkyer'  from  ovalbumin  and  also  from  the  protoid  of  the  yolk  by  boiling 
with  acids.  The  osazon  from  the  yolk  had  a  melting-point  of  203°  and  was 
lievo-rotatory,  while  that  from  ovalbumin  melted  at  SiW-SOS*  and  showed 
DO  positive  luro-rotatory  power.  Theae  investigators  do  not  consider  tlio 
carbohydrate  split  off  as  an  integral  constitnent  of  the  proteid  molecule. 
They  rather  oauaidor  the  proteids  yielding  carbohydratos  aa  glycoproteids, 
and  this  view  is  also  accepted  by  EiounoLZ.    J.  Sueuann*  obtained  0^ 


'  PaTy.  The  riiysiotogy  of  the  Carbohjdrnlcs.  London.  18B4 ;— Wejrdemiinii, 
"Uebcr  den  aog.  tliieriachc  Ouimnl,"  etc  loaug.-Diucrt.  Murbnrg,  1W6;— Kraw- 
kow.  PaQger's  Arcb.,  Dd.  »5. 

*  St^cDZcr.  ZcitKtir.  f.  pb}'slo).  Cbem..  Bd.  SM  :  MOmer,  Ceattalbl.  f,  Ptiysiol.,  Bd.  7; 
HurtD(<lalvr.  Zcltaclir.  f.  pbjilol.  Ctivm.,  Bd.  34,  S.  168, 

*  Journal  of  Pliyaiol..  Vol.  23. 

*  BtT.  d.  deutocli.  chem.  Oeaelladi.,  1t<].  SS. 
'  UoM*  Arcb.  f.  VcrdnuiingikmiiUlioircii.  IW.  ■*. 
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roclucing  anbaUnce,  calculated  as  dextrose,  from  ovalbumin.  According  to 
MCller's  method  he  was  able  to  prepare  the  hytlrochloric  acid  rorn- 
birmliou  of  thia  substance  in  qut;«tioti.  From  this  beliurior  he  draws  the 
coDcIiisiou  that  carbohydrate  split  off  bj  the  action  of  acid  are  identical 
■with  the  nitropcnoaB  carbohydrate  derivative  glncosamine,  obtained  by  him 
from  OYomncoid,  and  by  MCi-lkk  from  mucin. 

On  boiling  with  barium  hjdratOj  or  also  in  pepsin  digestion,  Frankel' 
has  aplit  off  a  nitrogenona  snbstance  from  purified  OTallmmin  which  gave 
neither  a  reaction  with  MiLJ-nx's  reagent  nor  the  Biukst  reaction.  It  is 
roadilj  eoliible  in  water  and  dextro-rotatory.  It  doee  not  directly  rednce 
copper  or  bismnth  Baits,  but  does  strongly  rednce  them  on  previotiely  boiling 
with  acid.  The  elcnkeutary  analysis  indicates  the  formula  n(C.1I,0,.X]{,) 
+  11,0,  where  w  is  generally  repreacntcd  by  9.  Fhankrl  considers  it  as  ft 
derivative  of  a  bioso  and  calls  it  "  fi///flwjj?i"  provisionally.  lie  considers 
a  chitoaamin,  which  Btanda  iu  close  relationship  to  the  osamin  prepared  by 
UClleu  and  Sebmamh  from  mucin  and  ovomucoid,  as  the  basis  of  thig 
body. 

In  marked  contrast  to  all  of  these  observations  we  hare  the  communica- 
tion of  0.  Weiss.'  According  to  Pavy'b  alkali  method,  he  obtained  a 
substance  containing  1.8;^  nitrogen,  which  yielded  a  reducing  substance 
after  boiling  with  acid.  This  reducing  snbetance  gave  an  osazon  having  a 
melting-point  of  ns^-lDl".  According  to  Weiss  it  ia  crystal  I  izable  methyl 
pentose  with  a  melting-point  of  ttl^-SS"  and  isomeric  with  rhamnose. 

By  Ili8  oxidation  of  ppottida  [n  add  snlution?,  voJntile  f»tiy  odds,  ihctr  nlilebrdesu 
nllrilen,  kcti)TiiL-s,  ns  well  ha  Lduzolcacidiirv  ublniiiL>(l.  i\\ui  livdrucyRtiic  iirid  ttynxiiliEln^ 
with  potii.«»ium  dichiomnto  nnd  nckt.  Niltlc  ncid  gircfi  varioiiK  tikrO')inKliict»,  sucb  u 
jtatiilioproitic  ncEd  (van  ueu  pAKTe),  triiiiUxMilbumlii  (LoKVi-)  or  oxyDitniflllniinin. 
niirobcnr.iilc  acid,  nnrt  olliers.  Vi'llli  aqimrepia  funiaric  Hcid,  oxnIi{;ncl<i,  cblomzol.  fioj 
oilier  biiiHca  are  produced.  By  itic  iiciloii  of  biotiiiiic  umler  Mronp  prouiiire  m  largS' 
iiuinlicrof  ilri  Jrntlvi-a  urn  oliliiiiipd,  siicli  ri<i  bRimiinil  anil  lril)[ninac<!tic  ndd.  bronMKJ 
form,  leucin.  louolidrnid,  ojuilic  ncid,  irlbruni-imklo-bcnaule  add.  pepione,  and  bodlw 
similtir  (o  liinimti. 

By  I  lie  dry  rlisiillttlloTior  prolddgweobtftin  (i  large  rmmlicrof  dffcompo«ilioii  pmducu 
of  a  uiMgrfcnblv  burnt  ckIot,  nnd  a  poroiiH  jjliaiirDiiig  iiiasis  of  oirbou  cootaiuiug  uitrugcn 
]9  left  na  n  re-nJui-.  Tlic  pnidncUof  ilUilliiiiinu  aru  partly  iiti  ttlknllne  liquid  wLkli  con- 
tains  aninioiiiiiiii  oarbnimtc  »ud  acetate,  iinimouhim  Eulpbidc.  Bmmoniuin  cyaEiidc.  aa 
InHanimtililv  uil  atiil  olbvr  bo(li«i.  ntid  a  brown  oil  wbU-h  coutHiiiH  liydriKiirbuDF'.  uknvj 
geolzed  bases  bolcngiug  toib«  iiDiliiicuud  pyrldinu  oc-riM,  aitcl  n  uuDibcr  of  uokuowa 
BubAlnucca. 

It  is  imposaible  here  to  discuss  all  the  products  obtained  by  the  action 
of  diftereut  reagents  on  the  proteids,  but  from  the  above-described  decom- 
position products  from  proteids  it  is  clear  that  the  products  belong  in  part 
to  the  fatty  and  in  part  to  the  aromatic  series.  Observers  are  not  decided 
whether  one  or  more  aromatic  groups  oxist  preformed  in  the  protoid  niole- 
enle.     According  to  Ivexcki  the  proteids  contain  three  aromatic  groups  aa 

'  Wien.  SilEUDgsber.  Math.-naturw.  Ktnsse,  Bd.  107,  Abtli.  11  s. 
•  Ccntr«ll)I.  f.  Pbystol.,  Bd.  12. 
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mentioned  abore:  the  tyrosin  (oxyplienylamidopropionic  acid),  tbo  pbenjl- 
smidopropionic  acid,  and  the  skatolamidoacetic  acid.  Maly,'  on  ucconut 
of  the  oxyprotoaalphoDio  acid  prepared  by  him,  conaiderd  it  not  u«oeuuy 
to  recognize  mord  than  one  aromatic  group  in  the  jtroteid  molecule. 

By  the  oxidation  of  proteid  by  moans  of  poCuBaium  permanganate.  Malt 
obtained  an  acid,  oxyprotosnlphonic  aciJ,  C  51.21;  H  ii.SO;  N  U..5li> 
S  ].?T;  0  !i5.5-l,  which  is  not  a  cleavage  prodnct  bnt  an  oxidation  prodnct 
in  which  the  groap  J?H  is  changed  into  SO,. OH.  This  acid  does  not  gire 
the  proper  color  reaction  with  Millox's  reagent  cansed  by  ar^jmaUc 
hydrDxyl  derivatives  (see  below),  nor  doei  it  yield  the  ordinary  aromatic 
splitting  pro<Iucts  of  the  proteids.  Still  the  aromatic  gronp  h  not  absent, 
but  It  seentii  to  lie  in  another  binding  from  that  in  ordinary  proteid.  On 
oxidizing  with  potassium  dichronmte  and  acid  this  groap  appears  as  benzoic 
acid,  and  on  fusing  with  alkali  beuzol  is  given  oil. 

On  continnoHs  oxidation  a  new  amorphons  acid,  peroxyproteic  acid — ■ 
C  46.33;  H  0.13;  H  l'i.30;  S  O.OG;  0  3-1.0^*— is  produced  from  the  oxy- 
protoatil phonic  acid.  The  peroxvproteic  acid  gives  the  Biiiret  reaction,  bnt 
is  not  precipitated  by  most  of  the  reagents  jirecipitating  proteids. 

According  to  BERXKit'  in  the  formation  of  oxyprotosnlphonic  acid  not 
only  docs  an  oxidation  take  place,  bnt  also  at  the  same  time  a  deep  cleavage 
dxxt  to  the  presence  of  alkali,  lie  was  able  to  show  the  presence  of  atha- 
sioses  and  peptones  as  side  products.  These  difTorod  from  the  correspond- 
ing prodncts  produced  in  digestion  by  not  yielding  any  indol  or  skatol  on 
ftuiog  with  potash,  by  not  giving  Millos's  reliction,  and  not  containing 
sulphur  blackening  leud.  Ue  also  found  acetic  ucld,  propionic  acid,  and 
butyric  acid,  and  the  presence  of  ralerianlc  acid  and  basic  bodies  (l;sin. 
histidtn)  was  shown  among  the  cleavage  products.  On  the  cleavage  of 
peroxyproteic  acid  with  baryta  he  found  the  cleavage  prodncta  previously 
obtained  by  ^Fai.y  (with  the  exception  of  amidovalerianic  arid  and  isogly. 
cerioic  acid),  besides  also  acetic,  propionic,  butyric  acids,  benzaldehyde  and 
pyridin. 

As  in  oxidation  with  potaasinm  permanganate,  so  also  nmy  tbe  proteida- 
b«  changed  by  the  action  of  the  halogens,  namely,  so  that  they  contain  no 
snlphnr  which  can  bo  split  off  by  alkali,  or  give  Mili.ox*9  reaction,  nor 
yield  tyroain  aa  a  cleaivage  product,     liy  the  action  of  chlorine,  bromine, 
and   iodine  on   proteids  the   halogens  pass  into  more  or  less  firm  union. 
with  tbe  proteid  (Loew,  Blum,  Blum  and  Vaubel,  Liebrbcht,  IIop-- 
KiN.s  and  Brook,  TlnPMKisTEK),  and  it  is  posaiblo  to  prepare  dcrtvativeA 


■  8ltranssb«r.  d.  k.  Akud.  d.  WlucnwU.  \Viea.  Abth.  11,  1»95.  and  Abili.  II.  1888. 
Ai«u  Mi)n«ubefto  f.  Clieni.,  Bdd.  d  noil  1).  8eo  al»a  BondzynslLiuid  /Soja,' Zeltocbr.  T. 
t»li/iiul.  C6«m.,  B^l.  Id. 

■  Zeitacbr.  f.  physio).  Cli«m.,  Bd.  36. 


in'th  different  bnt  oooBtant  qnantiCies  of  halogen  accordiag  to  the  method 
resorteJ  to  (Hopkins  atiU  Pinkis'). 

On  the  piUrefaction  of  proteins,  as  well  as  their  decompositioii  by 
m&ana  of  acids  or  alkalies  and  also  by  certain  eDzjmes,  among  other 
protlucta  amido-acida  are  prodaced,  and  these  have  a  certain  siguiflcance  for 
the  pi-ubablo  formation  of  the  p^oteids.  It  is  more  than  likely  that  in  the 
synthesis  of  proteida  in  the  pUnt  from  the  ammonia  or  the  nitric  acid  of 
the  soil,  aniido-ocidg  or  acid  iimids,  among  which  asparagin  plays  an  impor- 
tant ri'ile,  are  produced;  and  from  these  the  albttminoua  bodies  are  derived 
by  the  action  of  glncose  or  other  non-nitrogcnized  combinatiDns, 

The  three  basic  bodies  lysiu,  arginin,  and  histidio  are  formed,  aa  shown 
by  KosSRi-,  as  cleavage  prodacts  of  a  group  of  bodies,  the  protamins, 
whirh  were  fii-st  fihown  by  MiKSrnER  and  then  by  Kossel  to  occor  in  fish- 
sperm  aa  combinations  of  nacleic  acid  (see  ('hapter  V).  The  protamins 
(sec  Appendix  to  this  Chapter)  are  basic  bodies  which  have  some  reactions 
in  common  with  the  proteida,  but  which  yield  no  amido-acids  on  cleavage. 
As  they  yield  the  same  basic  prnlncts  as  proteids,  they  may,  as  snggeited  by 
KossKL,  be  considered  to  a  certain  eitent  as  the  nncleaa  of  tbe  proteid 
molecule,  and  the  varioas  protctds  may  he  derived  from  this  naclaus  by  the 
addition  of  other  atomic  groups,  monoamido  acids  and  others.* 

TlicqiicHtfon  ai  to  tlic  prcpftrailoa  of  proleliMIko  siibBiancea  lynllieticBlly  tttnda  in 
cloee  ruliktion  wiLh  tlio  bIjdvi)  sUitKiiieuU  la  IbiH  curiuvcCiuD  wc  muet  iiii'Dtion  in  the 
flm  plat;c  Lbe  rcsearchi-aof  Grimalx.  and  tht-n  ScuiiTKHNBKKnER  ami  PirKKRiso,' who 
l>y  tliDUCtit^ii  vi  |ihosi)k<mi*p«utctiIoiiiic  or  peulvxidc  ou  niiiouji  Kuildu  nclda  or  t>ybcnt> 
Ing  nlxiK?.  w-oru  itblc  lu  ))rcpnre  IkkIIds  such  as  biuret,  ulioxnti,  xarilLfn,  nr  am  thou  turn 
stibstanct^  cltticr  qIgdc  or  mixed  wltli  olbcr  bodies.  Tbesc  subsranc«s  are  liniiUr 
in  several  ways  with  llie  proteiiJa,  nlitioiigb  Ihey  rannol  ho  ronridemt  ak  geritilne  pro- 
tt1(U  Ttie  sytillieses  of  gelmlin  t>r  albiimiiap-like  uiitaitiinccs  piibHshfd  by  LtLIKK- 
PKi.u'  will  uiicluubtcdly  be  ol  much  greuitr  liuponaucu  vihtu  tbey  have  been  fnibslantl- 
atcil  by  otbcrs. 

The  animal  albnminons  bodies  are  odorless,  tastcle&s,  and  ordinarily 
amorphous.  The  crystalloid  spherules  [Dntterphltfchen)  occurring  in  the 
eggs  of  certain  fishtis  and  iLrnphibiant!  do  not  consist  of  pure  proceids,  but  of 
proteida  containing  large  cmoants  of  lecithin,  which  aeema  to  be  combined 


•  Lf)cw.  Jttuni.  f.  pmkt.  Cbem.  (N.  P.).  Bd.  31  ;  Blum,  Munch.  med.  Witohenachr., 
18M;  Blum  and  VmiM.  Journ.  f.  prakl.  them.  (N.  F.).  Bd.  57;  Uehrechl.  Btr.  d. 
deiitscb.  cbom.  Ocsel Inch.,  Bd.  30;  Bo)ikias  and  Brook.  Joum.  of  Phytlol.,  Vol.  23; 
Hopkitift  and  Plnkua.  Bcr.  d.  d«i)i.v.Ii.  chcni.  Gcsellnch.,  Bd.  81  :  ITofmeUier,  ZdtMlir. 
r  pliysfol.  (;bi?ni.,  ltd.  21. 

'  Ko*wl.  SiizunRsbcr.  d,  Oescllseh,  Eur  U«r6rd.  d.  gc«.  NaturwisipiiBch,  gni  Marburg, 
No.  5,  1W07,  and  Zeliaclir.  f.  phyalol.  Cbctr.,  Bd.  25. 

'  Sec  PickcritliE,  Kiiigo  College.  Loudon,  ritysjol.  I.ab.  Collect.  Papers.  1897,  wbtre 
the  wdrka  nr  Orliunnx  arc  alfin  riled ;  alsn  .loiirnal  of  I'liyain)..  Vol.  \^.  aod  Proceed. 
Roy.  Soc.  Vul.  60.  1897  ;  ScbQlMoberirer.  Campt.  rend.,  Tnmes  Iftfi  and  113. 

'«  Du  B«>Is.ReytCDDii'fl  An:b..  IBM  :  Physiol.  Abth,.  g.  38S  aad  S33. 
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rim  mineral  sabstancea.  CrvBtalline  jiroteids'  have  Iwcn  prepared  from 
weds  of  varions  plants,  and  lately  crystallized  aniutal  protetds  (see  send- 
bamin  and  oralbnmiD,  Chapters  VI  aod  XIII)  have  also  been  prepared. 
lu  the  dry  condition  the  albuminoas  bodice  appear  as  a  white  powder,  or 
when  in  thin  layers  as  yellourish,  hard,  tramiparont  piatea.  A  few  are 
Bolnble  in  vat«r,  others  only  Bolnble  in  salt  or  faintly  alkaline  or  acid  Aolu- 
tiona,  vbile  others  are  insolable  in  these  solronts.  All  albaminous  bodies 
when  burnt  leave  an  asb,  and  it  ia  therefore  qnei^tiouable  whether  there 
exists  any  protoid  body  which  is  solnble  in  water  without  the  aid  of  mineral 
sabstances.  Xerertheless  it  has  not  been  thtta  far  succcssfally  proved  that 
a  native  albuminous  body  can  be  prepared  perfectly  free  from  mineral  snb- 
stancea  without  changtiig  its  constitution  or  its  properties.'  The  album!* 
nous  bodies  are  in  most  cases  strong  colloids.  They  diffuse,  if  at  all,  only 
very  slightly  tbroagh  animal  membranes  or  parchment- pa jwr,  and  the 
proteids  therefore  have  a  very  high  osmotic  crjuiraleat.  AU  albuminous 
bodies  arc  optically  active  and  tnm  the  ray  of  polarized  light  to  the  left. 

On  heating  a  proteid  solution  it  Is  changed,  the  temperature  necessary 
depending  upon  the  proteid  present,  and  with  proper  retiftlous  of  the  solu- 
tion and  nnder  favorable  e^iternal  conditions — as,  for  example,  in  the 
presence  of  neutral  salts — most  proteids  separate  in  the  solid  state  as 
"coagulated"  proteids.  The  dilTereut  temperatures  at  which  various 
proteids  coagulate  in  neutral  suit  solutions  giro  in  many  cages  a  good  means 
of  detecting  and  separating  those  various  bodies.  The  views  in  regard  to 
the  nae  of  these  means  are  divided.' 

The  general  reactions  for  the  proteids  are  very  nomerons,  but  only  the 
most  important  will  be  given  here.  To  facilitate  the  study  of  these  they 
have  been  divided  into  the  two  following  groaps: 

A.  Precipitation  Eeactions  of  the  Proteid  Bodies. 

I,  CooffuliUion  Te*t. — An  alkaline  )>rotQid  solution  does  not  ooagnlato 
oa  boiling,  a  neutral  solution  only  partly  and  incompletely,  and  the  reaction 


'  See  Muchkc,  Journ.  t.  prakt.  Chcin..  Ikl.  74 ;  Drectisel,  ibid.  iN.  F.),  B(l.  19 : 
iQrQtiler.  Und.  (N.  V.),  B<1.  33  :  Kiuliaiiacti,  ^d,  (N.  Kj,  lid.  25  ;  Scbiuledeljcrg,  ZviU 
•c:lir.  f.  pliysiol.  Cbcm..  Bd.  1 :  Weyl.  itW..  Bd.  1. 

•S4r«  E.  Hrtrimcli.  Ber,  d.  deutscb.  chcm.  Gc«cll«cli.,  Bdd.  32,33.  25;  WcHgo, 
Paugcr's  ArtblT.  Bd.  «  .  Billow,  ibM.,  Bd.  88. 

*  Bee  Hnlliburiou,  Jouru.  uf  Pbysiol.,  Vols.  Snad  II  ;  CotId  and  BcranI,  Bull,  do 
TAcad.  roy.  dc  B«I);..  U ;  Ilsycntft  nud  Duggau,  Brll.  3Ii;il.  Jouru.,  ISM.  and  Proc. 
Roy.  Soc.  Ed.,  IH^ :  Curtn  nnil  Auslnux.  Hull,  dc  I'Acad.  my.  dc  Bclg..  Tuuie  21  ;  L. 
Pl6deric(i,  CeiilralU  f.  PUyaiol.,  Bd.  3;  ilnyenifl.  ibid.,  Bd. -»  ;  Hewlett,  Juurn.  of 
Pby«lol..  Vol.  13;  Ducleux,  Anrml.  Inaliuu  Pasipiir.  7.  In  regard  lo  tlio  TClidoDBhi[i 
of  the  neutral  SalU  lo  tUe  beut  co«K<i'tttluu  uf  ulljuuiius  «ee  also  Starke,  Sitzuugaber.  d. 
G««elUcb.  t.  Morph.  u.  Pbysiol.  In  Muochea,  1887. 
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most  therefore  bo  acid  for  coagulation.  The  neatral  liqaid  is  first  boiled 
anri  then  the  jvroper  aitioant  of  acid  added  carefully.  A  fioecnleiit  precipi- 
tate is  formed,  and  if  properly  done  the  filtrate  Bhonld  be  water-clear.  If 
dilnte  acetic  acid  be  xmed  for  this  test,  the  Hqnid  mnst  first  be  boiled  and 
then  1,  2,  or  3  drops  of  acid  added  to  each  10-1.5  c.  c,  depending  oa  the 
amount  of  proteid  present,  and  boiled  before  the  addition  of  each  drop.  If 
dilate  nitric  acid  be  nsed,  then  to  10-15  o.  c.  of  the  previously  boiled  liqaid 
15-*^0  drops  of  the  acid  must  be  added.  If  too  little  nitric  acid  be  added,  a 
soluble  combination  of  the  acid  and  proteid  is  formed  which  is  precipitated 
by  more  acid.  A  proteid  solution  containing  a  small  amount  of  salts  mnst 
first  he  treated  ^ith  about  1'^  Iv'aCl,  siuco  the  heating  test  may  fail, 
especially  on  using  acetic  ncid,  in  the  presence  of  only  a  slight  amonnt  of 
proteid.  2.  Behavior  hicardg  Mineral  Acids  at  Ordiuarrj  Ternpera/Hres. 
The  proteids  are  precipitated  by  the  three  ordinary  mineral  acids  and  by 
metapliojipliorjc  ucid,  hut  not  by  nrthopho^plionc  acid.  If  nitric  ucid  be 
placed  in  a  teal-tnlte  and  the  proteid  Rolntion  be  allowed  to  flow  gently 
thereon,  a  white  opaque  ring  of  precipitated  proteid  will  form  where  the 
two  liquids  meet  (Ukli-EK's  albumin  test).  3.  Prccipiiaiwn  by  Metallic 
Salts.  Copper  sulphate,  neutral  and  buaic  lead  acetate  (in  small  amounts), 
mercuric  chloride,  and  other  salts  precipitate  proteid.  Ou  this  is  based  the 
use  of  proteidti  via  antulotRS  in  poiHoniug  l»y  metallic  salts.  4.  PrecipiMion 
htf  Ferrih  or  Ferricyanide  of  Poiassitnn  in  Acetic  Acid  Solviion.  In  theso 
tests  the  retntive  quantities  of  reagent,  prot«id,  or  acid  do  not  interfere  with 
the  delicacy  of  the  test.  r».  Precipitation  by  Neutral  SaltSy  such  as  N'a,S(), 
or  NaC'l,  when  added  to  satamtiou  to  the  liquid  acidified  with  acetic  acid 
or  hydrochloric  acid.  G.  Precipitation  hy  Ahohol.  The  solution  most  not 
be  alkaline,  but  must  be  either  neutral  or  faintly  acid.  It  mast,  at  the 
same  time,  contain  a  Budicient  quantity  of  neutral  salts.  7.  Precipitation 
hy  Tannic  Acid  in  ncetic-acid  t^olntious.  Tlie  absence  of  neutral  salts  or 
the  presence  of  free  mineral  acids  may  not  cause  the  precipitate  to  appear, 
but  after  the  addition  of  a  BuHlcient  quantity  of  sodium  acetate  the  precipi- 
tate will  in  both  cases  appear.  R.  Precipitation  hy  Phofpho-tunyntic  or 
Phospho-tnohtliitc  Acidx  in  the  presence  of  free  mineral  acids.  Polattsium- 
merctiric  iodide  and  pofassiuni-bismulh  iodide  preci))iU4te  albumin  soltttions 
acidified  with  hydrochloric  acid.  'J.  Precipiintion  bij  Picric  Acid  in  solu- 
tions acidified  by  orgauic  acids.  10.  Predpilafion  hy  Trichlormeiic  Add 
in  2-5^  solutions,  and  11.  by  Salicyhulphonic  Acid.  The  proteids  are 
precipitated  by  nucleic  acid,  tanrocholic  and  chondroitin-sulphuric  acid  in 
acid  solutions. 
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B.  Color  Eeactions  for  Froteid  Bodies. 

1.  milon^s  reaction.'  A  golntion  of  mercnry  in  nitric  acid  contaiDiDg 
some  nitrous  acid  gires  a  prectpit&te  viUi  proteid  solntions  which  at  the 
ordinary  temperature  is  slowly,  but  at  the  boiling-point  more  quickly, 
colored  re<l;  and  tbe  solation  may  also  tie  colore^!  a  feeble  or  bright  red. 
Solid  albnminons  bodies,  when  treated  by  tbid  reagent,  give  the  same  colora- 
lion.  This  reaction,  which  dc]>«ndft  on  the'preaence  of  the  aromatic  groap 
in  the  proteid,  la  also  giron  by  tyroain  and  other  benzol  dorivalires  with  a 
hydroiyl  group  in  tbe  benzol  nucleus.'  a.  Xanthoproteic  reaction.  With 
strong  nttrio  acid  the  albuminous  bodies  gire,  on  heating  to  boiling,  yellow 
flakcB  or  a  yellow  solution.  After  saturating  with  ammonia  or  alkalies  the 
color  becomes  orange-yellow.  3.  Atiami-ieieict'  reaction.  If  a  little  proteid 
is  added  to  a  mixture  of  1  toI.  concentratetl  sulphuric  acid  and  2  toIs. 
glacial  acetic  acid  a  reddish-riolet  color  is  obtained  slowly  at  ordinary  tem- 
peratures, but  more  qnicUy  on  heating.  Uelattn  does  not  give  this 
reaction.  4.  Biuret  test.  It  a  proteid  Bolution  be  l^rat  treated  with 
caustic  potash  or  eoda  and  then  a  dilute  copper  sulphate  Eolutiou  bo  added 
drop  by  drop,  ilrat  a  reddish,  then  a  reddiah-Tiolet,  and  lastly  a  Tjolet-blne 
color  is  obtained.  3.  Proteids  are  soluble  on  healing  with  concentrated 
hydrochloric  add,  producing  a  violet  color,  and  when  they  nre  previoaalj 
boiled  with  alcohol  and  than  washed  with  ether  (Liekeumaxn'  *)  thoy  giva 
a  beaotifol  blue  solution.  6.  With  concentrateH  snlphnric  add  and  sngar 
(in  small  rjuantitief;)  tbe  albuminous  bodies  give  a  beautiful  roil  colorutton. 
Elliott*  has  eii^ge><ted  the  fulLowing  as  a  reaction  for  protein  substances. 
If  dilute  BuIpUnric  acid  C-fO  toIs.  in  100  rols.  water)  is  allowed  to  act  on  the 
protein  substances  a  bluish-violet  color  or  a  bluish-violet  solution  is  obtained! 
OD  gradual  concentration  of  the  acid  at  ordinary  temperature,  llilute 
hydrochloric  acid  acts  in  the  same  way.  The  solutioQ  shows  a  spoctrum 
somewhat  different  from  tho.ie  obtained  by  Pkttkxkofeh's,  Lieueumaxn's 
or  AiiAMKiKwmz's  reiuitions.  These  color  reactions  apply  to  all  albuminous 
bodies. 

Many  of  tliwa  oolor  ronctioDa  arp  nMRiacrl  ns  sliowo  by  SAl.Kownil  *  hy  \\w  nrnmiitlc 
JcavKge  protlucttor  ttie  proteid^.  Mim^jn'r  nrnclioD  Is  ooly  obialnvd  by  ibe  snlwtiinccs 
of  Ibe  plwuul  group ;  tho  XAKTHOrKoraic  reuction  by  tito  plieiiol  group  and  sknlul  or 

>  Tbu  niKgenl  is  obtaiued  in  the  fuUowiiif;  way  ;  1  pt.  mi-rcury  U  diBsoIviMl  In  3  pts. 
of  nitric  ncW  (of  »p.  jr.  1.4'i).  fir»t  wbcn  uoUl  nud  liUcr  by  wurmJDjf.  After  cumplcle 
■oliiiion  of  ilie  mercury  lulil  1  rolijmo  of  llii<  solution  lo  2  rolunm  of  water.  Allow 
tbis  to  unod  ■  few  hours  and  decani  tbo  sripenjalant  liquid. 

*  Scu  O.  Naste.  SiUuni^Bb.  ■).  Naturforacli.  Oe&ellsGh.  lu  Halle.  1879;  Vnubel  aud 
Blum,  Journ.  (.  prakt.  CUern.  (N.  T.).  Hd.  57. 

*Ceult&lbl.  r.  d.  incd.  WiMensch..  1887. 

*  Journ.  of  Phyaiol  ,  Vol.  Sa 

*  Zeltscbr.  f  pbyskil.  Cbem.,  Bd.  13.  S.  310. 
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fltatolcitrlKiDtc  acid.  LiEBEKMAjtK'B  reficliou  is  iiol  glTCu  by  edjt  of  tlie  nronislic  Rpttt- 
ting  producls.  AoAMKiEWirs's  teiicLluu  is  only  givtu  by  ibe  iiidci]  group.  esperlnilT' 
sItKtuIcArboiilc  ncJcl.  ThU  reiiciion  L  cnngiclereci  ha  a  furfurnl  reACllnn  tirought  sboui  tiy 
&  vKrboliydrnco  eroup  as  well  im  nti  utotitutic  group  iu  (La  protvid.  Lieukkhann'h  reiif- 
lion,  aswfill  lu  liiir^eiunioEi  witli  Biilptitirit'  aciil  mid  Biigar,  s<!ciiia  m  leoAt  lo  be  a  fuifurc)! 
Kiicllou.  Ttio  blurci  rtaciiou  1b  uot  uuly  given  by  prc-lclil,  pioiamin  iind  biiirel,  bin 
siea  by  nrliflinnlly-preriBred  colloid!)  ((iitiUAt'x,  Pickkhinci)  iitid  ninny  dlstnlds.  Ac- 
flOrdlDg  to  U,  ScHiF-r.'  lb«  presence  of  at  lc«»l  two  gmups  {— CO.NH.t  united  in  lliu 
molecule  \o  a  slivgle  alom  of  cwrbon  nr  riJlmgen,  or  by  une  or  mort'  gruupB  { —  CO, Nil) 
united  In  open  cbalii.  Boili  CO.NHi  pT>up»  m«y  also  bu  dircptly  united,  a*  in  oxiinilO. 
Asptmgui,  n  ualural  decucupoMiiioti  product  of  pruteids,  al^o  gives  llic  bkirvt  tejiciinn. 
Uobiliii  uIko  gives  n  rescUon  sindliir  lu  ibi-  Miiriit  n.-a«-liiiii,  miil  llic  fuel  tlial  a  body  give* 
tbe  biiii-el  leactioD  ii  not  only  sufficient  proof  of  its  being  a  proiefn. 

The  delicacy  of  the  same  reagent  differs  for  the  different  alhuniinoua 

bodies,  and  od  this  accouot  it  is  impossible  to  give  the  dcRree  of  delicacy 

for  eacli  reaction  for  all  albuminous  Itodies.     Of  the  jirecipitation  reactions 

TTkm.f.r's  test   (if  we  eliminate  the  peptones  and   certain  alhnnioses)    is 

Tecom  in  ended  in  the  Ant  place  for  its  delicacy,  though  it  is  not  the  most 

delicate  reaction,  and  bccaiiBc  it  can  be  performed  so  easily.     Among  the 

precipitation  rcactiona,  that  with  basic   lead  ncctato  (when  carefully  and 

exactly  oxecnted)  and  the  reactions  G,  7,  S,  i),  and  11  are  the  most  delicate. 

The  color  reactions  1  to  4  show  great  delicacy  in  the  order  iu  which  they  are 

given. 

No  proteid  reaction  is  in  itself  chanu-teristic,  and,  therefore,  in  t^stluff 
for  proteids  one  reaction  is  not  sntKcient,  but  a  nnmber  of  precipitation  ana 
color  reactions  must  be  employed. 

For  the  qnantitative  estimation  of  coagnlable  proteids  the  detertni nation 
by  boiling  with  acetic  acid  can  be  jwrformed  with  advantage,  since,  by 
operating  carefully,  it  gives  exact  results.  Treat  the  proteid  solution  with 
a  1-3;^  common-salt  eolation,  or  if  the  solntion  contains  large  amonnts  of 
proteid  dilnte  with  the  proper  quantity  of  the  above  salt  t^lutiori,  and  then 
carefully  neutralize  with  acetic  acid.  Now  determine  the  qnantity  of  acetic 
acid  necejfsary  to  completely  precipitato  the  proteids  in  smull  measured 
portions  ot  the  neutralized  liquid  which  have  previously  been  lieated  on  tlie 
water-bath,  so  that  the  filtrate  does  not  respond  with  Helleivh  test.  Now 
warm  a  larger  weighed  or  lueaBured  quantity  of  tlie  h'qnid  on  the  water- 
bath,  and  add  gradnally  the  required  quantity  of  acetic  acid,  with  constant 
stirring,  and  continne  tlie  heat  for  some  lime.  Filter,  wash  with  water, 
extract  with  alcohol  and  then  with  ether,  dry,  weigh,  incinerate  and  weigh 
again.  With  proper  work  the  filtrate  bLouUI  uot  give  Hei-Lek's  test.  This 
method  serves  in  most  canes,  and  especially  so  in  cases  where  other  bodies 
are  to  be  qnantitativelv  estimated  in  the  filtrate. 

The  precipitation  by  means  of  alcoJiol  may  be  need  in  the  qnantitntivo 
estimation  of  proteids.  The  liquid  is  first  airefnlly  uetitralized,  treated 
with  some  NaCl  if  noceseary,  and  then  alcohol  added  until  the  solution 
contains  70-f*0  toI.  per  cent  anhydrona  alcohol.  The  precipitate  is  collected 
on  a  filler  after  24  houni.  extracted  with  alcohol  and  ether,  dried,  weighed, 
inoinerated  and  again  weighed.  This  method  is  only  applicable  to  liqaids 
which  do  not  coutaiu  any  other  substances,  like  glycogen,  which  are  insolu- 
blo  in  alcohol. 

'  Bcr.  d.  dditwh.  eliem.  Grsellncli.,  Bd.  SO. 
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In  both  thou  methods  sm&U  qnantities  of  proteids  may  remain  in  th» 
filtrates.  These  trace*  maj  be  deteriiiiued  as  followa:  Concentrate  the 
filtrate  saAiciently,  remove  any  separated  fat  by  Ahakinf^  with  ether,  and 
then  precipitate  with  tannic  acid.  Approximately  iV.\<i  of  the  tannic  acid 
srecipitate,  washed  with  cold  water  and  then  dried,  may  be  considered  aa 
^roteid. 

In  many  caeen  goc»d  results  nmy  he  obtuined  by  precipitating  alt  the 
prot«td  with  tannic  aci<l  and  determining  the  nitrogen  in  tlie  washed  pre- 
cipitate by  means  of  Kjeldafil'b  method.  On  maltiptying  the  quantity  of 
nitrogen  fonnd  by  0.25  we  obtain  the  qnantity  of  proteid. 

Tho  remoral  of  proteids  from  a  solntion  may  in  most  coses  be  performed 
by  boiling  with  acetic  acid.  Small  amonnts  of  proteid  which  remain  in  t)ie 
filtrates  may  be  separated  by  boiling  with  freslily  precipitat«d  lead  carbonate 
or  wiUi  ferric  acetate,  as  described  by  IIoFSiEifiTKR.'  If  the  liquid  cannot 
be  boiled,  the  prot«id  may  be  precipitated  by  the  very  careful  addition  of 
lead  acetate,  or  by  the  addition  of  alcohol.  If  the  liquid  contaiua  sub- 
BtftDces  which  are  precipitated  by  alooholf  such  as  gljcogea.  then  the  proteid 
may  be  removed  by  the  alternate  addition  of  potassium-mercuric  iodide  and 
hydrochloric  acid  {aee  Chapter  VIII,  on  Glycogen  »timation),  or  also  by 
trichloracetic  acid  aa  siiggesteil  by  Ourrmayer  and  Fkankel.' 


Bynopais  of  the  Host  Important  Properties  of  the  Different  Chief  Groups 

of  Proteids. 

Those  proteids  which  occnr  formed,  in  tho  ordinary  scnso,  in  the  animal 
floida  and  tissues,  and  which  can  he  isolated  from  these  without  losing  their 
original  properties  by  difTereiit  ohomicat  means,  are  called  n \tivr  protbids. 
New  modifications,  with  other  properties,  may  be  obtained  from  these 
natJTe  proteids  by  the  action  of  lieat,  various  chemical  reagonts,  such  aa 
ftcidSt  alkalies,  alcohol,  and  others,  as  also  by  proteolytic  enzymes.  These 
new  proteids  are  called  uodipied'  pieqteids,  in  contradistinction  to  the 
native  proteids.  The  albumins,  globulins,  and  nncleoalbiiinins,  as  given  in 
the  scheme  on  page  LC,  belong  to  the  native  proteids,  while  the  acid  und 
alkali  albuminates,  albnmoaes,  peptones,  and  the  co^^ilated  proteids  belong 
to  the  modified  proteids. 

The  native  proteids  may  be  precipitated  by  safficient  amonnts  of  neutral 
salts  withont  changing  their  properties,  although  the  various  proteids  act 
differently  with  different  neutral  suits.  Some  are  precipitated  hv  NnCl. 
others  only  by  MgSO,,  and  still  others  by  only  (NHJ^SO.,  which  is  the 
precipitant  for  nearly  all  proteids.  These  various  properties,  as  also  the 
different  solnbility  in  water  and  dilute  salt  solntioo,  are  used  at  tho  present 
time  to  differentiate  between  the  varions  proteids  and  grou]>a,  althoiigU  it 


'  Zeitschr.  f.  pbydol.  Cbeta.,  Bdd.  2aud  4. 

(  ObermaTer.  WIen.  mod.  JalirbQcher,  1888;  FrOoltel,  PflDger's  Arcli.,  n<1<1.  S2 
attdSS. 

*  The  word  imaturteruntf  as  uied  by  Ncumclwtcr  And  ibc  nuilmr  U  trati!i1at(!d  I>y  ttie 
Word  oKNfjllMf,  as  it  besl  ciftrvssea  tLe  ineaitiui;.     Tb«  wonl  dinttil  niiglii  iiImi  )>•'  imed. 
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must  be  stated  that  these  differences  are  only  relative  and  are  often 
tincertaia. 

AlbnminB.  These  bodies  arc  soluble  in  water  and  are  not  precipitated 
l>y  the  addition  of  a  little  acid  or  alkali.  They  are  precipitated  by  the 
addition  of  large  qnantitiee  of  mineral  acids  or  metallic  salts.  Their  eola- 
tion in  water  coagulates  on  boiling  in  the  presence  of  neutral  salts,  bnt  a 
weak  saline  solation  does  not.  If  NaCl  or  MgSO^  is  added  to  saturation  to 
a  neatral  solation  in  water  at  the  normal  temperature  or  at  -f-  30°  C.  no 
precipitate  is  formed;  bnt  if  acetic  acid  is  added  to  this  satarated  solution 
the  albnmln  readily  separates.  When  ammonium  sulphate  is  added  in 
substance  to  saturation  to  an  albumin  solution  a  complete  precipitation 
occurs  at  ordinary  temperature.  Of  all  the  albuminous  bodies  the  albumins 
are  the  richest  in  sulphur,  containing  from  1.6;^  to  2.2^. 

Globnlint.  These  albuminous  bodies  are  insoluble  in  water,  but  dissolre 
in  dilate  neutral  salt  solutions.  The  globulins  are  precipitated  unchanged 
from  tlicEO  solutions  by  stifiicient  dilution  with  water,  and  on  heating  they 
coagulate.  The  globulins  dissolve  in  water  on  the  addition  of  very  little 
ju;id  or  alkali,  and  on  neutralizing  the  solvent  they  precipitate  again. 

The  solation  in  a  minimum  amount  of  alkali  is  precipitated  by  carbon 
dioxide,  but  the  precipitate  may  be  redissolved  by  an  excess  of  the  precipi- 
tant. The  neutral  solutions  of  the  globnlins  contaimng  salts  are  partly  or 
completely  precipitated  on  saturation  with  KaCl  or  MgSO^  in  substance  at 
normal  temperatures.  The  globulins  are  completely  pre(;ipitated  by  saturat- 
ing with  ammonium  sulphate.  The  globulins  contain  an  average  amount 
of  sulphur,  not  below  Ijf. 

A  sbarp  line  Iwlween  tlie  frlobulins  on  one  side  and  tbe  artificial  albumiaatea  on  tbe 
other  can  bardly  be  drawu.  Tbe  nlbiimiuates  are,  indeed,  as  a  rule  insoluble  in  dilute 
«oinmun-salt  anlutions  ;  but  an  albuminate  may  be  prepared  by  tbe  action  of  strong  alkali 
-which  is  soluble  in  commoD-saU  solutions  immediately  after  precipitation.  We  also 
have  glolmlius  which  are  insoluble  in  NaCl  after  having  been  in  contact  with  water  for 
somi:  time. 

Hucleoalbumins.  This  groap  of  phosphorized  proteids  are  found  widely 
diffused  in  both  the  animal  and  vegetable  kingdoms.  The  nucleoalbumins 
are  found  in  organs  abounding  in  cells,  but  they  also  occur  in  secretions  and 
sometimes  in  other  fluids  in  npparent  solution  as  destroyed  and  altered 
protoplasm.  The  nucleoalbumins  behave  like  rather  strong  acids;  they  are 
■nearly  insoluble  in  water,  but  dissolve  easily  with  the  aid  of  a  little  alkali. 
Such  a  solution,  neutral  or,  indeed,  a  faintly  acid  one,  docs  not  coagulate 
on  boiling.  The  nucleoalbumins  resemble  the  globnlins  and  the  albumi- 
nates (see  below)  in  solubility  and  precipitation  properties,  but  differ  from 
them  in  being  hardly  soluble  in  neatral  salts.  The  most  important  differ- 
ence between  the  nucleoalbumins,  the  globnlins,  and  the  albuminates  is  that 
the  nncleoalbamins  contain  phosphorus.  They  also  differ  from  the  other 
genuine  proteids  by  this  quantity  of  phosphorus  and  stand  on  this  account 
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close  td  U)«  anclcopntaidi.  Th«j  differ  from  the  Utter  in  that  they  do 
Dot  yield  xsnthin  bodi«i  oa  dcttfige.  On  pepUe  digestion  most  uodeo- 
albumlns  jMd  &  pcotnl  sabataaoe  Terr  rich  io  phoephorng,  which  haa  been 
ctkltoU  fiarm-  or  fttmdtutttUJM  in  coutradlitinctioQ  to  tho  tme  nudeins  (see 
Cbmpter  V).  Aoeonliiig  to  Lisbeullxx  '  {weudouncleia  is  a  combiaation 
of  proieid  witfa  metapbospbone  aekl.  Tho  nadeoalbumins  seem  to  contaia 
some  iron. 

Tb«  wevmiwaioa  of  pKodoattdriB  fa  Ibe  peptic  dlseeilon  of  BUcIeoelburBlDs  cannol  b« 
coiulderca  «■  pusiUTclj  ckicaetctblic  of  ibc  oucleualbumiD  noupw  Tbe  cztcat  ol  luch 
\  cleavmge  »  oepea(!cilt  npoo  Ibc  falcusilr  of  tbe  penfai  ilwewoD,  upon  ilte  ilrgnr  of 
■cidllj  uid  itic  Tehcioaililp  beiwcca  ibe  nucieuftlbamiBS  aBiTtbs  digestive  Uuids.  Tb« 
iepenuioo  ol  •  partuloottckln  awr.  u  »howo  br  Saxjlowsu.  ool  occur  cvfd  in  ib« 
dlgCMlnn  nf  ordlcuT  caflrin,  and  WactaLewMCi  did  n-\  cibuiD  may  pteiMionucIcin  kI  kII 
Id  1'<  !'  a  of  Ibe  cMcla  fnm  btimaa  milk.     In  ibv  difvsUoo  of  Tvntable  auoko- 

nlb':  '\s*  faualaoibowa  that  Uw  fkct  whether  we  obtain  a  gr«atdeel  of  paevdo- 

nui-.m  .-.  ^o;  i«  depeodcat  upoa  ibe  way  Id  wbicb  Ibe  dieestioa  Is  pcrfonceu.  Tbe 
nost  ctolial  charade  rirfic  of  thu  group  of  pnoteiila  b  tkat  uiey  meUla  a  crireti  amount 
of  phovpborut.  and  tbe  abicsce  of  xanibla  bean  amoog  Ut«lr  cfeavago  pr^MUCts. 

The  nadeoalbumins  are  often  confounded  with  nudeoproteida  and  also 
witli  phosphorized  gUcoproteids.  From  the  first  dasa  tbej  differ  by  not 
jieldiag  any  xanthin  bodies  when  boiletl  with  acids,  and  from  the  second 
group  by  not  yielding  any  reducing  substance  on  tlie  same  treatment. 

LMitbalbomiBi  Io  tbi-  pr«paraiioa  of  certafa  prutcia  mbetnaces  priMlticls  are  often 
obtainrvl  cuuUiDiog  lecilbiD.  aud  tbia  lecithtii  can  ouly  be  reaioveU  wlili  dilflcuhy  or 
Incoiiiplt^tcijr  by  a  niUture  of  alcobul  and  eiher.  OvDvileilln  is  sucb  u.  proleiu  Iwnly  con- 
taioiug  coosJUiTftble  lircilbiit.  and  Hocfe  Sevlxr  cou»iil«n  It  acomblDallui  of  proteid 
fuid  lecithin.  I.ibiikrhann'  hns  iiliisined  pmteids  conuiiiiog^  lecithin  as  on  iiianliihl« 
zcaidue  od  the  pepti<~  disunion  of  mui-uut  membnaea  of  tbe  Muiiiacli.  Ilvur,  kMtMya, 
loDgs,  anti  apJeeu.  lie  cousidcn  iJiaoi  la  oombtaaUoos  of  proieid  and  Iccitbiu  and  colls 
Ibetn  Ucilh'wamitu. 

Alkali  and  Acid  Albuffliaatei.  Xatire  proteids  may.  as  the  researches 
of  rec«ni  date  of  several  iuvestigaiors  such  as  SjOqvist,  O.  ConxHEiii, 
Bci'Ah^KKY  and  L.  LieBKnHAXX  '  show,  enter  intocombiu&tions  witli  acids 
and  alkalies  vithoat  cbaoging  their  properties.  On  the  contrary,  ■  by  tho 
snfficicQlly  strong  action  of  these  reagents  a  modification  may  take  {dace. 
By  the  action  of  alkaliosall  Dative  albuminons  bodies  are  conrerte<),  with  the 
elimination  of  nitrogen  or  by  the  action  of  stronger  alkali,  also  with  the 
emiseion  of  sulphur,  into  a  new  moditication,  called  alkitli  albominato, 
whoso  epecilic  rotation  ia  increased  at  tho  same  time.  If  caitotic  alkali  in 
substance  or  in  strong  solution  be  allowed  to  act  on  a  concentrated  proteid 
Bolutton,  suoh  as  blood-serum  or  egg-albumin,  the  alk^  albuminate  may  be 

>  Ber  d.  deutsif^b.  cbem.  GeaelUcb.,  Bd.  31. 

*fl.lkuwMkJ,  PHQger**  Arcli..  Bd,  03;— Wroblewtkl,  Bettrtge  zur  EenDltiin  des 
Praiio.kuwlna.    Innng-DIat.  Bern.  1«W ;— Wlmso,  Upnln  Lokaref.  FOrh..  N.  F.  ». 

■  HofipivSeyler,  Med.  cbcm.  Uutcrsuch.,  1M8 ;  alau  ZelUcbr.  f.  physlol.  Chem.,  Bd, 
13,  S.  479  ;  LtcbermaaD.  Ptlager  s  ArchU.  Bdd.  $0  sod  54. 

*  &J<'V|vi»l.  dkand.  Arrrh.  f.  Pbyslol..  B«l.  5  :  0.  Cubabelm,  Zailachr.  f.  Biologic.  Bd. 
88;  Bugaruky  ftud  Liebcrmuin.  Piluger's  Arch.,  Bd.  1%. 
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obtained  as  a  solid  jiOlj  which  disaolrea  in  water  on  heating,  and  which  is 
called  **  LiEitEHKCiiN's  solid  alkali  albnminate/'  By  the  actiou  of  dilute 
CAQstic  alkali  uolntions  on  dilute  proteid  BoliitionB  we  have  alkali  olbntni- 
nates  formed  slowly  at  the  ordiuitry  tempemtiire,  but  more  rapidly  on 
heating.  'I'hese  solntiona  may  be  modified  by  the  sonrce  of  tiie  proteid 
acted  npoD,  and  also  by  the  extent  of  the  action  of  the  alkali,  bnt  still  they 
Iiave  certaiu  reactions  in  common. 

If  proteid  is  dieaolved  in  an  excess  of  concentrated  hydrocliloric  acid,  or 
if  we  dij^est  a  proteid  solntion  acidified  with  1-2  p.  m.  hydrochloric  acid  in 
the  warmth,  or  digest  the  proteid  idone  wltli  pepsin  hydrochloric  acid,  we 
obtain  new  modifications  of  proteid  which  indeed  may  show  aomowhat  vary- 
ing properties,  but  have  certain  reactions  in  common.  These  modifications, 
fthich  may  be  obtained  in  a  solid  gelatinous  condition  oil  eaQicient  concen- 
tration, are  called  acid  albumlimteB  or  acid  albumins,  and  somotimea 
syntonin,  though  we  jirefer  to  call  that  acid  albuminate  syntouin  which  ia 
obtained  by  extracting  muscles  with  hydrochloric  acid  of  1  p.  in.  F.  QoLii- 
BCUUiiiT '  has  shown  in  the  action  of  acids  on  ovalbumin  that  oven  in  rery 

dilute  solutions  of  add  [Yr-U*^')  secondary  albnmoses  arc  produced  at  the 

same  time  as  acid  albuminates,  which  shows  that  the  acid albtuninate  forma- 
tion is  accompanied  by  the  splitting  off  of  albnmoses.  lie  also  found  that 
the  formation  of  secondan,-  albnmoses  did  not  require  the  provions  formation 
of  primary  albumoses.  The  extent  as  to  the  formation  of  acid  albuminate, 
bemiprotein  (KChke's  antialbuniinate),  various  albamoses,  peptones,  and 
further  cleavage  products  is  essentially  dependent  upon  the  temperature 
and  upon  the  concentration  of  the  acid. 

The  alknli  and  acid  albuminates  have  the  following  reactions  in^J 
common:  They  aro  nearly  insoluble  in  water  and  dilute  common-salt  solu-^H 
tiou  (sea  page  3C)),  bnt  they  dissolve  readily  in  water  on  the  addition  of  a 
Terj  amall  quantity  of  acid  or  alkali.  Buch  a  solution  or  one  nearly  neutral 
does  not  coagulate  on  boiling,  bnt  is  precipitated  at  the  normal  temperature 
on  nentndixing  the  solvent  by  an  alkali  or  an  acid.  A  solution  of  an  alkali 
or  acid  albuminate  in  acid  is  cosily  precipitated  on  saturating  with  NaCl, 
but  a  solution  in  alkali  is  precipitated  with  difiicnlty  or  not  at  all,  according 
to  the  amonnt  of  alkali  it  contains.  Mineral  acids  in  excess  preoipttats 
solntiona  of  acid  as  well  as  alkali  albuminates.  The  nearly  nentral  solntioni 
of  these  bodies  are  also  precipitated  by  metallio  salts. 

Notwithstanding  this  agreement  in  the  reactions,  the  acid  and  alkali 
albnminates  are  essentially  different,  for  by  dissolving  an  alkali  albuminate 
in  some  acid  no  acid  albuminate  solution   is  obtained,  nor  is  an  alkali 


*  Uebcr  dia  BlBwIrkung  von  Bllnri^n  auF  Elwelnstoffe.     Iottog.>DUa.    Slnusbur^ 
18B8. 
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albaminate  formed  on  dissolving  an  acid  slbtiminaie  in  water  hj  tlie  aid  of 
a  little  alkali.  In  the  first  case  ve  obtain  a  solution  of  the  combination  of 
the  alkali  albaminate  and  the  acid  and  in  the  other  case  a  solable  combina- 
tion of  tho  acid  albuminate  with  the  alkali  added.  The  chemical  procaaa 
in  the  modification  of  proteids  with  an  acid  ia  easentiallj  different  from  th« 
modification  with  an  alkali,  hence  tlie  products  are  of  a  different  kind. 
Tlie  alkali  albaminatea  are  relatively  strong  acids.  They  may  be  dissolved 
in  water  with  the  addition  of  CaCO,,  with  the  elimination  of  CO,,  which 
does  not  occnr  vith  typical  acid  olbcimi nates,  and  they  show  in  oppositioa 
to  the  acid  albaminates  also  other  Tariations  which  stand  in  connection  with 
their  strongly  marked  acid  natnre.  Dilate  solntions  of  alkalies  act  mor« 
energetically  on  proteids  than  do  acids  of  corresponding  concentration.  In 
tlie  first  case  a  part  of  the  nitrogen,  and  often  also  the  snlphur,  is  split  off, 
and  from  this  prnj^erty  we  may  obtain  an  alkali  albuminate  by  the  action 
of  an  alkali  upon  an  acid  albuminate;  but  we  cannot  obtain  an  acid  albumi- 
nate by  the  reTer»o  reaction  (K.  MOunbu').  For  this  reason  the  calling 
of  the  modified  protoid  obtained  by  the  action  of  alkali  or  acid,  rnoTKiN, 
and  the  combinations  of  this  protein  with  alkali,  alkali  albuniiuate  and  the 
combination  with  acid,  acid  albuminate,  leads  to  a  raiaunderstanding  or  to 
a  wrong  conceptinn. 

Des^inidoalbQnlBic  fteld  In  an  atkall-albtinilimtc  which  ScituiBnEUBKO*  obtilnecl  Ity 

itie  Ktiioii  ol  hMcU  Wfitk  nik&li  Uiut  &  ]i&rt  of  ibu  tiiuugcu  was  evolved,  but  the  i|ii«iitit/ 

nf  8til|iliiir  rvniKined  ilie  Mine.    The  pmteiil  coiiililnathin  ntilnlried  by  Bm'm  by  iheiictifm 

.of  formol  00  i^Miciil  and  called  by  biru  protogtn,*  bu  slniiLsrilius  with  ibe  nlkallalbu- 

inluatce  ia  regard  lu  BoliiblllttcBitiid  iiieciiiitatiuii,  bul  hi  not  Ulen Ileal  tburewitb. 

The  ]ireparation  of  the  albuminates  has  been  given  above.  By  the 
action  of  alkalies  or  acids  upon  a  proteid  solution  the  corresmnding 
albaminate  may  bo  precipitaced  by  neutralizing  with  acid  or  alkali.  T!i6 
woahed  precipitate  ia  dissolved  in  water  by  t)ie  aid  of  a  little  alkali  or  acid, 
and  again  precipitated  by  neutralizing  the  solvent.  If  this  precipitate 
which  hoa  lieen  waslied  in  water  is  treated  with  alcohol  and  ether,  the 
albuminate  will  be  obtained  in  a  pure  form. 

Albumoses  and  Peptones.  Peptones  ore  designated  as  the  final  producta 
of  tho  decomposition  of  olbomiuoas  bodies  by  means  of  proteolytic  enzymes, 
in  so  far  as  these  final  prodacta  are  still  true  albumiuouB  bodies,  while  we 
designate  as  albumoses,  proteoses,  or  propeptones  the  intermediate  prodocta 
produced  in  the  peptonization  of  proteids  in  so  far  as  they  are  substances 
not  similar  to  albuminates.  Alhnmosea  and  peptones  may  also  be  produced 
by  the  hydrolytic  decomposition  of  the  proteids  with  acids  or  alkalies,  also 
by  the  pntrefaction  of  the  same.     They  may  also  bo  formed  in  very  small 

'  rongrr'a  Arcblv,  Bd.  t7. 

'  Arch.  f.  cip.  Palb.  u.  Pliarm.,  Bd.  S9. 

*  Blum,  ZrJtsrlir.  f.  pbysiul.  Cbem.,  Bd.  3S.  Tho  older  InvcstlgiittOBB  uf  Loow  miiy 
Ita  found  in  Miily't  Jtibrcsbcr.,  1868.  Od  iho  oclloo  of  formal debyde,  mc  alto  BeticdI- 
ciiil,  Dii  Bo<«-ItcyuioQd'i  Aich.,  1897. 
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qnantities  ns  by-products  ia  the  inrestigations  of  nnimal  fluids  and  tissnes, 
aTid  the  question  to  wliat  extent  these  exist  preformed  under  phvBiologlcal 
■conditions  rcqnirea  very  careful  inTcstigation. 

IJetwoen  the  peptone  which  represents  the  liual  cleavage  prodnct  and 
the  albumose  whioh  stands  closeat  to  iJie  original  proteid  we  baTO 
nndonbtedly  a  series  of  intermediate  proiiucte.  Under  snch  circumstuncea 
it  is  a  dilticnlt  problem  to  try  to  drair  a  sharp  line  between  the  peptone  and 
the  albumoae  group,  ami  it  is  just  as  difliciiH  to  define  our  conception  of 
peptonet^  and  alUumoacs  in  an  exact  and  satisfuctory  manner. 

The  alhumoies  hare  been  considered  as  those  albuminous  bodies  whose 
neutral  or  faintly  acid  solutions  do  not  coagulate  on  boiling  and  which,  to 
distinguish  them  from  peptoripji,  were  chamcterlzed  chiefly  by  the  following 
properties.  The  watery  solutions  are  precipitated  at  the  ordinary  tempera- 
ture by  nitric  acid  aa  well  aa  by  acetic  acid  and  potassium  fcrroc^'anide,  and 
this  ]>rocipiLate  has  the  jioculiarity  of  disfappeaiing  on  beating  and  reappt-ar- 
ing  on  cooling.  If  a  eolation  of  albamoses  is  saturated  wltli  NaCI  in 
eubstance,  the  albumoses  are  partly  precipitated  in  neutral  eolations,  bat 
on  the  addition  of  acid  saturated  with  the  salt  Ihey  completely  precipitate. 
This  preclpitAte,  which  dissolves  on  warming,  is  a  combination  of  alboraose 
with  the  acid. 

We  formerly  designated  m  peptone  those  protoid  bodies  which  are  readily 
soluble  in  water  and  which  do  not  coagulate  by  boat,  whose  solattons  are 
precipitateil  neither  by  nitric  acid,  nor  by  acetic  acid  and  potaasinm  ferro- 
cyanide,  nor  by  neutral  salts  and  acid. 

The  reactions  and  properties  which  the  albumoses  and  peptones  had  in 
common  were  formerly  considered  as  the  following:  They  give  all  the  color 
reactions  of  the  protclds,  but  with  the  binret  test  they  give  a  more  beautiful 
red  color  than  the  ordinary  proteids.  They  are  precipitated  by  ammoniacal 
lead  acetate,  by  mercuric  chloride,  tannic,  pbosiiho-tungstic,  jihospho- 
molylHiic  acids,  potassium-mercuric  iodide  and  hydrochloric  acid,  and  lastly 
by  picric  acid.  They  are  precipitated  bat  not  coagulated  by  alcohol, 
namely,  the  precipitate  obtained  is  soluble  in  water  even  after  being  in 
contact  with  alcohol  for  a  long  time.  The  albumoses  and  peptones  also 
have  a  greater  diffusive  power  tiian  natiTe  albiimiuotis  bodies,  and  the 
diffuBive  power  is  gretiter  the  nearer  the  qutj^tionable  substance  stands  to 
the  6nal  prodnct,  the  now  so-called  pure  peptone. 

These  old  views  have  undergone  an  essential  change  in  the  last  few 
years.  After  IIkynsics' '  observation  that  ammonium  sulphate  was  n 
general  precipitant  for  proteids,  aUo  peptone  in  the  old  sense,  KCiine*  and 

'  PflUg*r*8  ArehlT.  Bd.  34. 

*  Bee  Kniiai',  Vcrliandl.  d.  nnlurhislor.  VenHna  zu  llciiltlber^  (X.  F.).  8:  J.  'Wriiit, 
ZdtKhr.  (.  Blologfv,  Bd.  33 :  Kulmv  imd  Chttu-ndca,  ZdiscliT.  f.  Biologle,  Bd.  Sdi  B, 
HenmeUtcr.  i^.,  Bd.  33  :  Kolinc,  ibid..  Bd.  £9. 
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lis  pnpila  proposed  this  salt  as  a  means  of  aeparating  albQinoees  and 
peptones.  Those  products  of  di;*e8tion  which  separate  on  sataratlng  their 
Bolutioti  with  ammonium  sulphate  are  considered  by  Kuune  and  indeed  by 
modt  of  the  modern  investigators  as  albumoses,  while  those  which  remain 
in  eolniion  are  called  peptones  or  pure  peptone.  This  pnre  peptone  ia 
formed  in  rehitively  large  amountu  in  jmncreutic  digestion,  while  in  pepsin 
iligpfltion  it  la  only  formed  in  Rnial*  quantities  or  after  prolonged  digestion. 

Acconling  to  SciiCr/KNBKKtiKR  and  KCiink'  the  proteida  yield  two 
chief  groups  of  new  albuminoua  bodies  when  decomposed  by  dilate  mineral 
acids  or  with  proteolytic  onzymea;  of  these  the  nnti  grouj)  shows  a  greater 
FBeistance  to  further  action  of  the  acid  and  eDzyme  than  the  other,  namely, 

f^tliB  hemi  group.  These  two  groups  are,  accordiug  to  KCUNE,  united  ia 
the  dilTereiit  alhumoses,  even  llioagh  in  Tarious  relatire  amounts,  and  each 

LAlbiiiuo.'ie  coritaiui!  the  atiti  as  well  as  the  hemi  group.  The  same  is  tme  for 
the  peptone  obtained  in  pepsin  digestion,  hence  he  c&lU  it  amphopeptotxe. 
la  tryptic  digestion  a  cleavage  of  the  amphopoptone  takes  place  into  anti- 
tlone  &n(i  Itmiipfptom:    Ot  these  two  peptones  the  liemipeptone  ia  further 

'split  into  amido  acids  and  other  bodies  while  tlie  antipeptoue  is  nut 
attacked.     By  the  suflicientiy  energetic  action  of  trypsin  only  one  jieptone 

jiBatlust  obtained,  the  sn-rallod  anti|>eptoiie.     Ac<;ordiiig  to  the  researchea 

.of  KuTscuKK*  the  antipeptoue  obtained  in  the  pancreatic  digestion  is  not 
a  chemical  individualtty,  bat  a  mixture  in  which  the  heson  bases  histidia 
and  arginin,  besides  mouamido  acids,  have  been  detected.  This  also  followi 
front  the  observations  made  by  Balkk  that  tlio  antlpeptonu  jirepared  by 
Lim  could  be  separated  into  two  parts  by  phospho-tnngslic  acid,  one  part 
rich  in  bases  and  the  other  rich  in  acids.  For  these  reasons  KribciiEU  also 
denies  the  chemical  iadiTiduality  of  carnic  acid  (see  page  45),  which 
SiKOFRiED  and  IIalke  consider  as  identical  with  antipeptone.  With  this 
Ticw  the  work  of  Hai.kr  is  hard  to  reconcile,  aa  this  iuvcstigutor  htu 
prepared  several  metalKc  aalts  of  antipeptone  which  corresponds  to  Sini- 
7RIEI>*a  formula  for  carnic  acid.  As  we  are  not  justified  in  doubting  the 
reliability  of  either  investigator  we  can  possibly  seek  the  contradictory 
Btntetuouta  in  the  manner  of  prooeiure  of  the  two  investigators.  Halkk 
allowed  the  digestion  to  go  on  for  only  four  days,  while  Kltsciibr,  on  the 
contrary,  allowed  It  to  continue  for  forty  days;  and  as  Kutscuek,  in  a  sul)- 

.  sequent  work,*  has  shown  that  by  Kufliciently  energetic  and  continuous  trypsin 
digestion  the  antipeptone  {l}io  substance  which  gives  the  biuret  reaction)  is 
completely  decomimsed  or  exists  only  as  traces,  it  is  possible  that  Kut&cu£u 


>  ScliOurtiberger,  Bull,  dv  la  aoc.  cblmiquD  ilc  Paris,  3S  ;  KQline,  Vurbftoill.  d. 
tislurbiat.  Verelcs  zu  Hetdellerg  (K.  F.},  Bil.  1 ;  and  EDboe  aad  Cbilteodea.  Z«Uaclir. 
f.  Biologle.  Bd.  10.     Sec  also  Pnal,  Bcr.  <l.  tleiilacU.  cticm.  OeHclIadi.,  Bd.  37. 

■  Zclurhr.  f.  pbystot.  Cheiu  ,  B<l.  2\  S.  105.  and  Bd.  26,  6.  110. 

*I)iaBodprodtiktederTry|>9iuTerdaauiig.  UuliilllaUonsschrirt,  8a»  IBOQ. 
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in  hislengtliT  digestion  exjieriments  split  the  chief  part  of  Balke's  anti- 
peptone.  This  qnestion  re([uirea  further  elucidation.  On  account  of 
obBerrations  gircn  in  the  previous  memoir  Kutscqek  is  of  the  opinion  that 
at  least  in  tho  protoidii  of  the  paiicreaa  gland  the  occtirrence  of  an  anti 
groDp  mar  be  exclnded.  He  also,  for  other  reasons,  (lifTers  from  tho 
common  view  of  KChne,  in  regard  to  the  digestive  cleavage  of  proteids. 
According  to  liim  it  would  be  eirnpleBt  and  beet  to  return  to  thij  old  nomen- 
clature and  call  the  primary  albnnioeos  propeptone  aud  the  denteroalbumosea 
and  KChnk's  peptone,  on  the  contmry,  peptone. 

KOhkk  and  hia  pupils,  who  have  conducted  these  complete  inveBtiga- 
tions  ou  the  albumoses  and  peptones,  clasaify  the  varioun  alhuniosea  accord- 
ing to  their  diflerent  soliibilitiea  and  procipitation  powera.  In  tho  pepsin 
digestion  of  fibrin'  they  obtained  the  follon-ing  albumoses:  (a)  Iletero- 
alhtimosfi,  insolnble  in  water  but  Bolnble  in  dilute  Bait  eolution;  {b) 
ProtaUnimosey  solable  in  salt  sohition  and  irater.  These  two  albnmogea  are 
precipitated  by  NaCl  in  neutral  solutions,  bat  not  completely.  Uetero- 
albnniose  nmv,  by  being  in  contact  with  water  for  a  long  time  or  by  dryings 
be  converted  into  a  modification,  called  (c)  Dysalbumose,  which  is  insolnble 
in  dilute  salt  solutions,  {d)  Devteroalbumose  Is  an  albumose  which  is 
Bolnble  is  water  and  dilute  enlt  solution  and  which  is  incompletely  precipi- 
tated from  acid  solution  by  saturating  with  NaCl  and  not  precipitated  from 
neutnd  solutions.  This  precipitate  is  a  combination  of  the  albumose  with 
acid  (IIektu*).  The  heteroalbumose  is  essentially  the  same^  as  described 
by  liuOcKK,  as  peptone. 

The  albumoses  obtained  from  diiTereDt  proteid  bodies  do  not  seem  to  be 
identical,  but  differ  in  their  behaTior  to  precipitante.  Special  names  hare 
been  given  to  those  rarioDs  albumoiioa  according  to  tho  motlicr-proteid, 
namely,  glohulosef!,  m'teUoses,  caaeoses,  mi/osinoxes,  etc  These  Tariona 
albumoses  are  further  distinguished,  as  prolo-,  hereto-y  and  fi'««^fro-caseoaefl 
for  example.  All  the  albumo:-?  formed  in  the  digestion  of  animal  and 
Tegetable  proteid  are  embraced  in  the  common  TiXBie  proleosM  by  CHlTTBlf- 
DRX.'     Certain   proteoses  have  also  been  obtained   in  a  crystalliao  itate 

(SOTlRfiTTEn). 

Neuhsiatkr*  clc«!^tLtc«  an  atmidalbumott  Ihat  body  which  It  obtiilacd  by  iho  ACiIoa 
of  siipBi'bi.-jitc(l  sXvaai  oa  flbriu.  At  tlia  utoc  lime  he  alio  oblaloeil  a  autuUincc  vailed 
aimidalbumin,  which  stftods  between  the  albumioalM  and  the  albamoses. 

>  Sec  KQhiic  aotl  Chltteadeti,  Zeltscbr.  f.  Biologic,  Bd.  SO. 
■  Moiiiitfilicfie  f.  Cbem..  Bd.  fi. 

•  Kuhuc  and  CliUtcuden.  Zc5u<;hr.  f.  Biologic.  Bdd,  S3  and  SS;  Neuoidster,  ibid.. 
Bd.  2S  ;  ChiLlendeD  Bod  Hmtwell.  Jouru.  o(  Physiol.,  Vols.  11  ftod  13  :  Chittenden  and 
Puinlcr.  Studies  from  ihe  Labaralory,  etc.,  Yalo  Uafvcroliy.  Vol.  3,  New  BaTcn,  I8SI  ; 
CblLti'Ddeo,  iM^.  Vol.  3;  S«bel!eD,  Chem.  CiMitralbUtt,  1690;  CblltOQden  and  Qood* 
Wiu.  Joum.  of  Phyriol.,  Vol.  12. 

*  Zoltscbr.  (.  Biologf  e.  Bd.  36.  8ce  al»  Chitt«Dd«u  aud  Hear%,  Journ  of  Phyaiol., 
Tol.  IS,  and  Silkowaki,  Zciuchr.  f.  Blologie.  H.t.  S4. 


ALEUMOSlCa  Am)  PBPTOySS. 


Of  the  Boloble  albtiniosea  Nbumristp:r  designates  protoalbumose  and 
heteroalbnmose  as  primary  allmmmM^  while  the  d en teroathii modes,  which 
are  clot>eIy  allied  to  the  peptones,  he  calls  tecondary  albumoses.  As  essen- 
tial difference  between  the  priniarj  and  seoondary  ulbuniosea  he  sn^ests  the 
following: '  The  primftrj'  albumoeea  are  precipitated  by  iiitrlo  acid  in  salt- 
free  solutions,  while  the  secondary  albuuioses  are  only  precipitated  in  uUt 
solations,  and  certain  deateroalbamoscs,  sttcti  as  deuterovitelloge  and  den- 
teroinyoeiuoee,  are  only  precipitated  by  nitric  acid  in  solutions  saturated 
with  NaCl.  The  primary  albumoses  are  precipitated  from  neutral  soItitioDB 
by  copper  sulphate  solution  (2  :  100),  also  by  Is'aCl  in  sabstance,  while  the 
secondary  albnmoses  are  not,  The  primary  albnmoses  are  completely  pre- 
cipitated  from  their  solution  satarated  wltli  NaCl  by  the  addition  of  acetic 
acid  saturated  with  salt,  while  the  secondary  albumoses  are  only  jmrtly 
precipitated.  The  primary  albuiiiases  are  readily  precipitated  by  acetic 
acid  and  potassium  ferrocyauide,  while  the  secondary  are  only  incompletely 
precipitated  after  some  time.  The  primary  albnmoses  are  also,  according 
to  Pick,*  completely  precipitated  by  amtnoninm  sulphate  (add  to  one  halt 
sataratiun),  while  the  secondary  albumoses  remain  in  solution. 

The  true  peptones  are  exceedingly  hygroscopic,  and  when  perfectly  dry 
sizzle  like  phosphoric  anhydride  when  treated  with  water.  They  are 
exceedingly  soluble  in  water,  diffuse  more  readily  than  the  albnmoses,  and 
are  not  precipitated  by  ammoDinm  snlphate.  In  contradistinction  to  the 
albnmoses  the  true  peptones  are  not  precipitated  by  nitric  acid  (eren  In 
solution  saturated  with  salt),  by  acetic  acid  saturated  with  salt  and  sodiam 
chloride,  potassium  ferrocyaiilde  and  acetic  acid,  picric  acid,  tricliloracetio 
acid,  mercnric-potaBsiam  iodide  and  hydrochloric  acid.  Tliey  are  precipi- 
tated by  phoapho-tuogstic  acid,  phospbu-uiolybdic  acid,  corrosire  sublimate 
(in  tho  absence  of  neatnd  salts),  absolute  alcohol  and  tannic  acid,  but  the 
precipitate  may  redissolve  ou  the  addition  of  an  excess  of  tho  precipitant. 
As  important  diilerence  between  ampho-peptoue  and  antipeptone  we  must 
also  mention  that  the  first  gires  MiLU)K^fl  reaction  while  the  antipeptone 
does  not. 

In  rognnl  to  the  predplUitinn  by  nicoliol  we  tnuat  call  attention  lo  tho  ohscmtloiM  of 
Frakkkl  Ui«t  Bot  ouly  are  the  &clu  combiDSllona  of  p«ploDO  (Paal)  soluble'  in  nicoliol. 
but  alxo  the  free  peptooe,  and  Krakesl  has  eT<>n  Hii^^i-Hieii  a  itieilio>l  of  prcpnrntiuu 
baaed  on  this  behavior.  ScnRuTTKH*  has  &lso  prcparcil  crvsuilliae  ulbumoecs  whicb 
were  *i>liible  in  hot  alcohol,  especially  mettijl  alcohol. 

According  to  the  ordinary  view  the  albninoses  urc  intermediary  steps  tn 
the  formation  of  peptone,  and  indeed  that  from  the  primary  albnmoses  the 
deateroulbumose  is  denred  and  from  this  then  the  peptone.     In  opjK>sitLon 

<  NfTumebUT.  Zvllsctir.  r.  Iliu1»!;ii%  ti'lil.  24,  30. 

*  ZelMchr.  f.  physlul.  Chcm..  TI<I.  24. 

*  FrUukcl,  Zur  Eciiuliiliuiu  der  Zcrriillsproihiklci  dcs  Kiwelsaea  bcl  pcpllsnhcr  und 
UypUscber  Vcrdauuog.     Wlen.  ISM  ;— SchrOttcr,  MoDsuhcfte  f.  Cbcta..  Bdd.  14,  10. 
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to  thifl  Tiew  it  Beems  remarkable  that,  as  found  by  KOhnb,"  the  dent«ro- 
fibritioBes  diffuse  les^  readilv  than  the  protofihrinoses,  and  also,  according  to 
Sauasejew,  tiie  deuleroiiliiiitiioees  liuvc  u  Itiglier  molecular  weight  (3*^00) 
tbaa  the  protalbiimoses  (24C7-2643).  The  peptones  liave  a  lower  molecular 
weight,  as  shown  by  Saiusejew,  Paal,  SjOqvxst,*  to  lie  between  -100  and 
2oL>  for  Tarions  jircparationa.  ScHitOrrKK  found  the  niolccuhir  weight  of 
bis  allmmosus  to  be  GOO-700.  Acoorditig  to  Paal  tbe  acid -combining 
power  of  the  hydration  products  prodnced  in  peptonization  increases  aa  tlie 
molecnlar  weight  decreaseti.  Cciin'heiu  '  found  tliis  statement  true,  as  he 
discovered  that  the  antipeptone  had  a  mnch  higher  hyilrocblonc  acid-com- 
bining power  than  the  albumosea.  lie  also  found  that  tbe  heteroalbamose 
united  with  a  much  greater  qaautity  of  acid  than  the  douteroatbiimose. 

6ckh0ttk»*  objucia  to  llie  ubow  view  u  to  thi:  iilbuiiiows  tiviug  intt-nucdinry  sippg 
Id  llic  forinAUonor  peplont!,  Iiminntcli  !i»,  iKTorditig  to  Uitn,  no  BlliunioiiCJi  lire  tint  forin«(l 
by  llie  actiou  ui  acids  ou  pruieida  wbkli  then  jfiOd  pcplonf.  Utu  ibo  jirotcid  U  himuU 
tAEieoualy  Bjtlit  inloslliumo^va  iiu^i  pcptoucs. 

As  above  stated,  we  consider  the  bchaTior  to  ammonJQin  sulphate  as  the 
ab»olnle  diHerencQ  between  ulbaDioses  and  poptonea.  It  is  atill  doubtfal 
whether  tbe  beharior  of  a  single  salt,  tbe  animoninm  snlphate,  yields  siifli> 
cient  boats  for  the  cliaracterization  of  two  groups  of  albiimluons  bodies,  the 
albumoscs  and  peptones;  and  this  qneetion  i<3  warranted  since,  according  to 
Nhumeisteb,  wo  have  udeuteroalbnmose  (fonned  from  the  protalbuuioso  ia 
peptic  digestion)  which  is  not  completely  precipitated  by  amnioniiira 
Bulphute.  It  seems  tbat  the  transformutiou  of  proteids  into  peptones  takefl 
place  through  a  nnmber  of  intermediate  atepa  Hinillar  to  the  trans- 
formation of  starch  into  sngar  through  a  sories  of  dextriiiB,  ivnd  aa 
antmonium  sulphate  is  not  a  means  of  separation  between  dextrins  and 
Bugur,  although  it  precipitates  certain  dextrius,  bnt  not  all,  so  also  it  Is  & 
question  whether  it  can  sorvo  as  a  means  of  separation  for  the  alhnmtBes 
and  peptones.  A  complete  separation  of  these  several  Intermediate  products, 
as  well  as  theJr  puriticatlon,  is  euuh  an  extremely  diiHcult  task  that  it  ii 
nearly  imposiiible  at  present  to  say  bow  far  such  a  difTerentiation  is- 
vrarrauted  or  feasible. 

Id  receul  limes  ulln'r  |>oinl.srif  ilifTprence  l>etwfi<>n  thepoplouesaiidalbiiinoteahubeen- 
BDU^Iilfor,  and  tJcirnbTTEiifitd  FnANttKl-'coriMderllio  sulphur  as  sucli,  ScHucvrntRdca- 
IgunlE-s  lliv  fulliiniug  lu  tliti  diillLTcu<'ti  lK.-tfft.'i:ii  iilt>uinutie)iiiiid  |}t:{>tiiiiL')i.  Tli<^inlbtiinn6M 
cbtitaio  more  nitro^^cQ  oml  hnvc  a  iiiiiher  inwlcculftr  wcl«ht  and  coniair  pulplmr.  Ac- 
cording U)  FHA>fKEL  Ibc  [wplouea  an  alwnya  free  from  sinphiir.  Tlic  slbumow!!,  on  Ibfl' 
cuutmry.  coutaiu  sulphur,  aud  Lshu  uuty  fouud  otic  alburnoBe  (in  Eniiuc'sMnae)  wlilcii 
did  not  coDtAio  siilptiur. 


'  ZcfiMhr.  f.  BiotuKk'.  Bil.  29. 

*  SabftDvjew.  I)cr.  d.  dciil»cb.  ch«m.  OcMllsch.,  Bd.  26 ;  Paal,  ibid.,  Ba.  27  :  gJJK 
qvlDt,  SktiDd,  Arcb.  f.  Pliyiilol.,  Bd.  5. 

■  Paal,  I.  c  ;  CobnLcitu.  ZeitacUr.  f.  Biologie,  Bd.  83. 

*  Hooatabcfle  f.  Cbctn.,  Bd.  18. 

*  Bcl>r«lter,  I.  c.;  Frfiokel,  I.  c 
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Thd  qneetion  as  to  the  difference  between  olbamoecs  Kod  peptones 
has  latelj  taken  another  plxase,  as  it  ia  a  ftn6^t^<)n  whether  the  eo-iiulled 
pure  pcptoncii  arc  true  proleida  or  not.  According  to  the  reacarcheB  of 
SlH<^FltlEn  and  hU  pupils,'  anti{>optond  is  ideutical  vith  carnio  acid  (see 
page  43).  It  this  ia  trae,  tlien  antipeptono  ia  a  monobasic  acid  with  tho 
formula  C„U,,X,0, ,  having  a  still  smaller  molecular  weight  than  the 
protamJTis,  which  can  hardly  Ite  considered  as  proteid.  Under  such  circiim- 
stancea  it  seams  perhaps  best  to  drop  the  name  antipeptone  if  wo  cunitnim 
to  designate  sncii  bodies  {leptones,  which  are  still  trne  proteids  (in  ordinary 
Miiae).  Iq  the  sufficiently  energetic  trrpain  digestion  no  ]H'plone  at  all 
ia  produced  only  simpler  clearage  products,  and  the  so-^^lled  amphopoptono 
formed  iu  pepsin  digestion  is  the  only  one  which  remains,  the  careful  study 
of  which  will  be  of  the  greatest  mterest. 

Lawbo^'*  has  recently  published  bis  investigations  on  the  jieptic  and 
tryptic  digestive  prodacts.  These  obserrations  show  that  the  products  not 
precipitated  by  ammoninm  sulplmto  are  not  tme  proteids,  but  consist  of  & 
miitnre  of  decomposition  products  of  true  proteids.  Tlie  fiction  of  Torioua 
albnmosea  and  peptones,  as  also  antialbumid,  as  well  as  gelatoses  and  gelatin 
peptone,  npon  the  blood-pressure,  blood-coaguIatioD,  etc.,  has  been  studied 
by  CiHTTENDEX'  and  his  pupils, and  iu  connection  with  this  work  they  also 
give  a  few  chemical  inTestigations  as  to  the  questionable  bodies.  An 
antipeptone  which  was  prepared  from  pare  antialbnmid  by  trypsin  digestion 
contained  on  an  average  C  50.lt:i;  N  13. AS;  and  S  l.(>y;<.  The  low  per- 
centage of  nitrogen  iodicatos  that  the  body  was  not  contaminated  by  busic 
substances,  or  only  to  an  insignificant  extent.  On  cleavage  by  boiling  with 
30|<  hydrochloric  acid  and  then  determining  the  total  nitrogen,  the 
ammonia  nitrogen,  and  the  basic  nitrogen  contained  iu  the  plicsplio-lnngstio 
acid  precipitate,  they  fonnd  that  the  basic  nitrogen  amounted  to  17.2;£  of 
the  total  nitrogen  of  antialbumid,  ^Vi.^i  of  the  hemialbumoso,  and  30. 7<  of 
the  hemipepLone. 

What  relationship  do  tlie  albumoses  and  peptones  bear  to  tho  proteid 
from  which  they  are  formed?  The  numerous  analyaes  of  difTerent  albamoses- 
made  thus  far  show  chiefly  thut>  with  tbe  exception  cf  those  olbumoees 
which  stand  closest  to  the  true  peptones,  there  is  no  essential  difTerence 
between  the  composition  of  the  original  proteids  and  the  corresponding 
libamoeee.  The  pure  peptones,  as  well  as  certain  albumoses  standing  close 
to  the  pare  peptones,  seem,  ou  the  contrary,  to  contain  abont  the  same 
amount  of  liydrogen  and  nitrogen  and  to  be  habitnally  poorer  in  carbon  than 
the  primary  albumoeea  or  the  proteid.* 

*  Sec  foot-aotu  cm  curulc  ncid.  f'»>i*T>c)te  d.  page  48 
•Zelischr.  f.  pliyslol,  Chi-m..  Btl.  S«. 

*  Amer.  Juurn.  of  Plijr&iol..  VoL  3. 

*  KlemcDtAi^' knalywa  of  Blbumoai-B  aoil  pcpiODcs  will  be  found  lo  the  works  of 
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The  elementary  analyses  made  up  to  the  present  time  have  not  giren  ua 
a  jioBitire  answer  in  regard  to  the  relationahip  existing  between  the  proteids 
on  one  side  and  the  albumoses  and  peptones  on  the  other.  The  view  that 
the  peptone  formation  h  a  hydroljtio  splitting  is  accepted  by  IIoppe- 
Seylkr,  KfHNK,  IIksnisoek,  and  indeed  by  nearly  all  recent  inresti- 
gatoro.  Ill  support  of  this  view  we  haro  the  observaLiona  of  IIkknixoek 
and  UuPUEisTF.R,'  according  to  which  peptonca  (the  alhamoses)  are  con- 
verted into  &  proteid  tthnilar  to  albuminates  by  the  action  of  acetic  acid 
anhydride,  or  by  heating  so  that  water  is  expelled.  According  to 
ScnRciTTKU*  the  albumoses  do  not  yield  a  regenerated  proteid  with  acetic 
anhydride,  hut  an  acetyl  deriTative  insohible  in  water.  An  albnminatc-Hke 
proteid  may  audoubtedly  also  bo  regained  ou  heatings  which,  is  in  accord 
with  NkL'MEI&teb'S  ohservatioDs. 

AccoitJing  to  oxhcT  fovcstipators,  as  Malv,  llRnTli,  LoEw.  nnd  otbcrs.  the  forniMlioD 
of  ptpUiue  i«  H  ili'pulj'meiij.niion  i>(  llit^  proLfid.  A  tliirrl  vIpw  is  tlint  {nuk-ftlB  sud 
peptones  are  isomvrfo  biitlk's;  whiii;  n  fniiriti  view  (^iHiEsi^MArER*)  (.-luiiivs  llinl  Iht-  pro- 
tL-iilH  ctiu)-lKt  at  niicell  groups  wlikli  ou  ptfplouizAliou  bi«  tinl  coQverted  itiio  udcc-lli  und 
Ibeii  further  into  muli-ciik-N.  Tlinii^Ji  hh  (iitllnnry  |>r()li>ii]  soluiioo  coiiialiia  micrlli  or 
micol)  bund*.  p«  also  a  ]>eptonc  solutiou  codUiuh  prolcid  inolcciilcs. 

Tlio  prepanitioii  of  dilTitrcnt  albumoses  in  a  jierfectly  jiure  form  is  very 
troublesome  and  accoiupunied  witli  u  great  inuny  ditlicidties.  For  this 
reason  Uiero  will  be  given  here  only  the  general  methods  by  which  the 
different  albnmoao  precipitates  are  obtained.  Jf  we  proceed  from  a  solntion 
of  Qbrin  in  pepsin  hydrochloric  acid,  we  lirst  remove  the  syiitoniu  or  some 
coagiilablo  )iroteid  present  by  first  neutralizing  and  then  coagulating  by 
heat.  The  neutral  tUtrate  is  saturated  wiib  XtiC'l,  which  precipitates  a 
mixture  of  primary  albumoses.  This  ]>reoipit4ite  is  woahed  with  a  sfitiirated 
NaCl  Boliiticn,  pressed  and  dissolved  in  dilute  salt  solution.  An  insoluble 
reaiilue  reniuiriH,  whicli  is  calletl  ilvbulbuniOHe.  The  solution  of  the  primary 
albumoses  is  repeatedly  and  comi>letely  dialyzed.  ileteroulbumose  separtites 
out,  while  the  pro  till  buniotse  recnaiiiH  in  soUitJoit  and  muy  be  precipitated  by 
alcohol.  The  above  filtrate,  which  has  had  tJie  primary  albumoEes  removed 
and  saturated  with  NaCl,  is  treateii  with  acetic  acid,  which  has  previously 
been  siitiiratod  with  Na(^l,  until  no  further  precipitate  occurs.  This  pre- 
cipitate, which  consists  of  a  mixture  of  priniarv  and  secondary  albumot^es,  is 
fiUere*!  ofT,  the  fdtrate  freed  from  sidt  by  dialysis,  and  the  dt-uleroalbo- 
mose  precipitated  by  ammonium  'inlphate.  Tbe  various  nIbnnioBes  may 
also  be  precipitated  from  tbe  originn!  solution  by  aniinoniuni  sulphate, 
dissolved  in  water  and  freed  from  ammonium  sulphate  by  means  of  dialysis, 
aud  then  separated  as  above  described. 


Kniine  nnd  CliiUviidca.  cltml  in  fout-iiirU-,  pnge  M :  nha  by  Ri-nli.  Zeitsvlir.  f.  plijiiol. 
Clicui,.  Bd.  1.  and  M«)iiaiBhcflo  f.  Chcm..  Bd.  5 ;  Ma!y,  rtlQ^r's  Arcli.,  Bdd.  8,  18. 
HeiJiiinger.  Cniiipl.  rciiil.,  Tomu  80 ;  Scbr^tcr.  1.  c. ;  Pu),  I.  f. 

'  noppe-Sijler.  Pliyslol.  Cbeni.,  Bi-rlin,  1681 ;  Kolinc.  1.  c;  UenotDcer.  I.  c;  Hof- 
lofistvr,  Zeilxrlii'.  f.  pbyeiol.  Cb«iii.,  1*<l.  3. 

'  MoiiaulK-fit:  f.  Chem.,  Bii.  17. 

■  Mttly,  I.  V. :  Ilcrlli,  1.  c;  Luew,  PQugcr'u  Arch.,  Bd.  81 ;  Orienmayer,  ica  Maly'i 
Jaliresb..  Bd.  14.  &.  ^ 
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In  lite  separulioa  of  primarr  albomoscs  from  the  Becondarjr,  as  veil  m  in 
tits  separation  of  the  difTerent  douteroalbiinio^es,  we  can  niake  use  of  froc- 
lioaal  precipitation  with  nminonium  sulphate  a»  saggested  by  Pick.  Uuber  ' 
has  investigated  the  proteid-like  cleavnge  prtxlticts  obtained  on  the  pepsin 
digestion  of  oTalboinin,  seralbamio,  and  eerglobatin  bj  Pick's  method. 
F.  Albxander*  has  done  the  Fame  for  casein.  The  ueefalness  of  thiR 
method  him  been  established,  and  though  certain  difTerenocfl  of  the  Turioos 
proteidft  appear^etill  we  always  obtain  an  equal  number  of  cleavage  prodticta, 
which  may  be  separated  by  fractional  precipitation  with  amnioninra 
sulphate.  The  lirst  fraction  contains  the  primary  albumoses,  the  secoDd, 
third,  and  fourth  fractions  the  various  deatoroalbumosca,  and  the  fifth  and 
sixth  two  different  peptones,  ('asoin  gave  only  very  little  heteroalbumoKo 
and  then  a  peptone.  S.  Fkakkki.,*  in  the  preparation  of  pare  dentero- 
albnoiosee,  tJrst  remoTcs  the  primary  albumoses  by  precipitation  with  copper 
sulphate.  MCllkk'  separates  the  albumoses  from  the  peptones  by  the 
addition  of  an  eqnal  volume  of  a  'Siyi  ferric  chloride  solution  and  tho 
udditlou  of  alkali  until  ths  reaction  ia  only  faintly  acid.  The  liUrate  from 
the  volnintiioiis  precipitate  is  treated  with  zinc  carbonate  mid  tilterpd  after 
thorough  stirring.  The  filtrate  is  generally  froe  from  albumoses.  Only  in 
utious  of  Witte'h  peptone  was  it  necessary  to  concentrate  the  filtrate  to 
its  volnme  and  adding  a  little  more  ferric  chloride  and  zinc  cjirbonutQ 
to  free  the  solution  from  remaining  traces  of  albumoses. 


In  the  preparation  of  trne  peptone  wo  make  nso  of  a  prolonged  pe{)«in 
digestion,  bat  much  rinicker  reaiilta  are  obtained  by  the  nse  of  trypsin 
digestion.  The  albunutses  nniHt  be  entirely  removed,  which  is  done  by 
alternately  precipitating  in  acid,  neotml  and  alkaline  solnlion,  with 
ammonium  sulphate.  .Vccordiiiir  to  KChnk*  we  prweed  in  the  following 
way:  The  sufticicntly  dilute  and  neutral  solution  (froe  from  allmminates 
and  coagulable  proteids)  is  lirst  precipitated,  while  boiling  hot,  with 
ammonium  sulphate.  On  cooling  lite  ]>recipilated  albumotics  unil  iTystal- 
Itzed  salt  are  removed  by  tittration  and  the  Jiltrate  heated  to  boiling,  made 
strongly  alkaline  with  amnionin  tirid  ammnniiim  carbonate,  again  saturated 
with  ammonium  sulphate  at  tlie  boiling  temperature.  Uemore  pre<:ipitat« 
by  filtration  whon  cold,  heat  tlic  tiltratc  again  until  all  odor  of  ammonia  ia 
eiciielled,  eiitnrato  with  annnonium  sulphate  while  hot,  and  acidify  with 
acetic  acid  and  filter  on  cootltig. 

The  filtrate  is  freed  from  a  great  part  of  the  salt  by  strongly  concentrat- 
ing the  li«|nid,  allowing  it  to  cool,  and  removing  the  salt  by  liltration. 
Another  large  portion  of  tho  salt  may  be  removed  from  this  filtrate  by  th* 
careful  fractional  precipitation  with  alcohol,  wliiuli  yields  an  alcoholic  sola- 


1  Z«ii«:hr.  (.  i>!iyiIol.  Chi-m,.  Bd.  M. 

*Jhid.,  UA.  25.  S.  411. 

•Pick.  I.  c:  Piilnkcl.  Moaalslicflc  f.  Cbcin..  Bd.  18. 

*Ze)lBi'lir.  r.  pliy.«i<>l.  Cliviit..  Hd.  26. 

*  Zcttsclir.  f.  Blulotjle.  Dd.  29. 
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tlon  rich  in  peptone  with  onlj  a  amall  quantity  of  amnionium  Ealt.  Tliitt 
solution  is  toiled  to  remove  tbo  alcohol,  auJ  tlion  boiieil  with  bsirinm  car- 
bonute  to  remove  the  ammoninm  sulphate.  Tlie  Gltriite  ia  freod  from 
exccM  of  barinni  by  the  careful  aildition  of  dilute  sulphuric  acid.  'J'hJg 
filtrate,  which  must  act  contain  an  oxccas  of  sulphuric  uoid,  is  now  conocD- 
trated  and  the  peptone  precipitated  therefrom  by  alcohol. 

PiiANKEi.  lina  Kii^gcHlccl  auutlicr  riiflliod  wliidi  Udupt-nilL-Dl  upon  ttic  »oliiliilliy  of 
till-  piptDUi's  111  alcuUul.  Baumann  nnd  Bumch  '  ])rccipiui(e  the  nlbuuiosea  hy  zinc 
siilpiinlc. 

For  tho  detection  of  albnmoses  fltid  peptones  iu  niiimal  fluids  ire  proceed 
aa  follows,  according  to  Devoto:  Tho  coagalable  proteids  are  removed  by 
proloDged  beating,  tlio  eolation  Batiiratod  with  ammonium  sulphate.  Trae 
peptones  (besides  deuteroalhnniose  not  precipitated)  may  be  detwitod  in  the 
cold  filtrate  by  meaua  of  tho  hiuret  test.  The  remaining  athanioaca  are 
contained  in  tho  mixture  of  precipitate  nod  mlt  crystals  collected  on  the 
filter.  The  albtimoees  are  dieeolred  from  this  mixture  by  iratihin^  n-iih 
wtitcr,  iind  may  be  detected  in  Ibo  wash-wjitor  by  means  of  the  biuret  test. 
According  to  IIaujhukton  and  Colls'  traces  of  albumosefi  may  be 
formed  in  ibis  method  by  the  ]>rolonged  heating.  As  t)to  best  method  they 
suggoat  tiitber  tlie  precipitation  of  the  nntive  proteidd  by  the  addition  of 
10%  Irichlorncctic  acid  Bolution  or  making  the  native  proteida  insoluble  by 
the  continuous  action  of  alcohol.  Tho  last  method  is  not  iiuite  applicable 
to  blood-senim.  as  the  60-cnlled  lib riu- ferment,  wltich  also  gives  tue  biuret 
teat,  33  not  inadi'  insolulile  l»y  this  procedure. 

If  a  solution  saturated  with  ammonium  enlphate  is  to  be  tested  by  thft 
biuret  lest,  it  must  first  bo  treated  with  a  slight  excess  of  concentrated 
caustic-soda  sohitioi],  keeping  the  solution  cold,  and  aft«r  the  sodiunL 
Bulphute  has  settled  tho  liquid  ii  treated  with  a  '2i  solution  of  copper 
Bnlphate,  drop  by  drop. 

The  biaret  test  { col ori metric)  and  tho  polariscoplc  method  hare  been 
used  in  the  (|uantitative  estimation  of  albumoses  and  peptones.  These 
nkcthods  do  doc  yield  exact  resultA. 

Coagulated  Proteids.  Proteide  may  be  converted  into  the  coagulated 
condition  by  different  means:  by  heating  (see  page  ^5),  by  the  action  of 
alcohol,  especially  in  the  presence  of  neutral  salts,  by  prolonged  shaking 
their  soliitiona  (Kausdks*),  and  in  certain  cmos,  as  in  the  conversion  of 
fibrinogen  into  fibrin  (Chapter  \l),  by  the  action  of  an  enzyme.  The 
nature  of  the  processes  which  take  jdace  during  coagoliition  is  unknown. 
Tlie  coagnlated  ulbuminous  bodies  are  insoluble  in  water,  in  nentrat  salt 
8olQtiont<,  and  in  dilute  acids  or  alkalies,  at  normal  temperatore.  They  arfr 
diBsohed  and  converted  into  albuminates  by  the  action  of  leM  dilate  acids 
or  idkalieii,  eH]>etnR]ly  on  heating. 

Coagulated  ])rotelde  seem  aUo  to  occur  in  animul  tiunea.     We  &nd^  at 


»  Prfliike],  1.  c,  Zur  KenntntM.  vtc. .  Bomer,  Oticm.  Cci.rr»llil.  1808,  1    S.  «0. 
>  IhMittn.  Zfltiwlir.  r.  pliyafol  Clietn.,  Bd.  16  ;  Ukllibunou  «L.d  Co\\»,  Jotira.  o(  Path. 
luil  Bact ,  i&drj. 

■  Du  BQlft-RvyiQond'e  ArcU.,  1S04. 
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i  in  many  orgauB  snch  an  the  lirer  and  other  glandit,  proteids  nrliich  are 
nnt  soliilile  in  water,  dilute  salt  BoUitioDa,  or  v«ry  dilato  alkalies,  and  onlj 
di^fiolTfi  after  being  modified  bj  strong  alkalies. 

Appendix. 

Vegetable  Proteids.  Vegetable  proteida  fie«m  to  hare  the  same  essential 
proi>ertie&  as  the  animal  proteids,  and  the  three  nhief  groii|«  of  nntive 
proteids  occur  in  the  plants  us  well  as  the  animal  organism.  We  recognize 
the  following  as  vegetable  proteida:  nibumins,  globnlins  (phrtovitellin, 
TBgetable  myosin,  paraglobnlin),  and  7t-udmalbun\ina  (pea-logoniin).  Be- 
-aides  these  a  special  gronp  of  coagulated  proteids,  so-called  gluten  proteins, 
occur,  vrhich  are  purtlj  eoUible  in  alcohol.  It  seems  that  too  mnch  im- 
portance is  given  to  the  Aolubilitiefl  of  the  vegetable  proteids,  and  more 
•exbaiiatire  investigations  seem  to  be  necessary.' 

Poitonoat  Proteids.  Attention  was  called  in  the  flrst  chapter  to  the  fact 
that  higli  plants  and  animals,  as  well  as  microbee,  can  produoo  protolds 
having  specific,  sometimes  intense,  poisonous  action. 

We  knov  very  little  positirely  in  regard  to  the  natnre  of  these  proteids. 
rirose  which  liave  been  isolated  belong  to  certain  of  the  proteid  groupa — • 
«oiDe  are  albamlns,  others  globulins  or  oomponnd  proteids,  and  the  majority 
wem  to  be  albamoees — still  little  is  known  in  regard  to  their  chemical 
natare.  From  a  chemical  standpoint  we  do  not  diSereatiate  between  & 
poisonons  ami  a  harmless  proteid;  for  example,  between  a  poisonons  and  a 
non-poiaonoiis  globulin.  The  fundamental  (|iie»tIon  whether  tboRe  that 
bare  been  isolated  as  poisonons  proteids  are  really  poLsonoii.4  or  not,  01 
vhether  they  consist  of  a  harmless  proteid  contaminated  with  a  poisononi 
^anbstance,  cannot  bo  considered  as  settled. 

Carnic  acid,  which  is  considered  as  identical  with  antipeptone,  stands  Ii 
close  relationship  to  the  so-called  tme  peptones. 

Camio  Aoid.  This  acid,  discovered  by  SiRr.pRTBn,  was  first  obtaineiS  via 
a  c'eivage  product  of  phospho-carnic  acid  occurring  in  mnsclea  (see  Chapter 
XX).  Camic  acid  is  produced  from  the  proteid,  according  to  Sibofkied, 
under  the  same  conditions  as  antipeptone,  with  which  Balke*  considers  it 
■identical  (see  page  35).  It  is  a  monobasic  acid  with  the  fonnnla 
C,.U,,N\0^.  It  is  split  into  lysin,  lysatin,  and  ammonia  by  154  hydro- 
ohloric  acid  at  130"  C,  which  seems  remarkable  when  we  consider  the  low 
molecular  weight  of  the  acid  and  the  presence  of  only  throe  atoms  of 


t  See  Kjstdabl :  UodersOgelwr  onr  <l«  opt[»ka  ForlioM  bo«  uogle  PIsotcteg^eliTlde 
noffer.     ForhandHofer  red   (1«    skandi&tviake  Xaiurfunkerea  U.   M))«l«.      K|01>ca- 

iMTQ.  189S. 

*  Biegfried.  Du  Bots-Beymoad'i  Arch..  1894.  and  Zeitscfar.  f.  pbysiol.  Obem..  BO. 
SI :  Balke,  ibid,,  Bd.  23. 
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citrogea  in  the  molecnie.  On  the  oxidation  of  the  bariam  salt  bj  barinm 
permangaaate  oxycarhic  add,  with  the  formula,  <.'„1I„N,0„,  is  obtained, 
whitiU  ia  derived  from  three  luoleculen  of  c&riiic  acid  with  the  elitiuiiatif)u 
of  four  atoms  of  hydrogen. 

Camic  acid  is  an  extremely  hygroecopic  giibBtance,  being  very  solable  in 
water.  It  al^  dissoWea  in  hot  alcohol  and  separates  out  as  undefined 
crystalline  phites  on  cooling.  It  giTCB  with  hydrochloric  acid  an  additional 
pKxlnct  with  the  formnia  (■,,l[„N,0,.nCl,  and  also  yields  salts  with  several 
inetEdti.  Among  the  salts  the  silver  salt  witli  42.(1^  silver  ia  of  special 
importance.  Tliig  acid  acts  like  antipeptone  towards  most  preoipitants  and^ 
like  this,  is  not  precipitated  by  ammonium  sclphate. 

Tlia  tticlhuils  of  pK^imriii^  iiii  iik'  tidd  fiiMn  jimlt-id,-'  iiiv  lljt-  Kiime  hh  Ihv  iiiulliiirlfl  of 
prppflHiie  pun;  nnlipoptoncs  in  Lry[>tic<lif^Htjiiii.  Arcordlu);  r.n  SiKorntED  cnrnlr  nc-id  It 
••btnlut^l  from  iiienl  «xiruct  iu  llict'-l lowing  nav:  The  exinict  fiee  fioiii  (noieidx  is  i:uni- 
pleli'ly  |iicL<ipilriU-U  wilh  tnlriuni  riiluridt*  niiil  itiiiiUDtiSii.  Tli<.*  |ili(i«|)l]uniriiio  nctd  la 
pMrclpilHietl  fP'tll  i|]c  tlltmic  Af  nil  iioii  conibliiritinD.liiniifiiriii.  \iy  ferHo  rliloililv.  TbU 
ciirnlfcrriii  is  i)(-ri>iiij)i>MHl  lit  ST  by  Ittiriniii  liyilvuti-,  fllUTciil,  Diu  i-xcf«ii  uf  Liiriiim  rv- 
niovnt  rmm  llit-  liliutlu  l»j-  nulvliurtc  aciil,  lUicrcil.  i-unci-iili-iiteit  atiii  jirffipila'cil  witjl 
liIcuUul.     Tiiu  uuiil  ia  [lurltieit  by  re|>cikt<;ii  lesululiuu  auil  [Hvciiiitiilluti  willi  alvoliul. 


II.  Cuiiipoiiiul  ]'i*<iteUl!4. 


With  this  name  ire  designate  a  cliisg  of  bodies  which  are  more  complex 
than  the  simple  proteids  and  wltich  yield  ils  iieiirest  splitting  products 
simple  protoids  on  one  side  and  non-proteid  bodies,  such  as  coloring  inatters, 
carbohydrates,  xanthin  bodies,  etc.,  on  the  other.' 

The  compound  proteids  known  at  the  present  time  are  divided  into 
three  chief  groHi»8.  These  groiifts  are  i\\6  hmuoghbinni^  the yli/cuproteidt^ 
and  the  nudeoproieuls.  Tlic  hajmoglobins  will  be  treated  of  in  &  following 
chapter  (Chapter  \'I),  on  the  blood. 

Glycoproteida  are  those  oonipoiind  proteida  which  on  deconi position 
yield  a  protoid  on  one  side  and  a  carbohydrate  or  deriratives  of  the  same  ou 
the  other,  but  no  xanthin  bodieH.  Some  glycoproteids  are  free  from  pho»* 
phoriis  (mucin  substances,  cliondroproteids,  and  hyalogens),  and  some 
contain  jihoaphonis  (plioaphoglycoprotoids). 

Macln  Snbftancet.  Wo  designate  a9  mucins  colloid  stibstances  whose 
solations  are  mticilaginouB  and  thready,  and  which  when  treated  with  acetio 
ii,cid  give  a  preoipitato  ineolnble  in  an  excess  of  ncid,  nnd  on  boiling  witli 
dilute  mineral  acids  yield  a  subitance  capable  of  reducing  copper  oxyhydrate. 
This  last- mentioned  fact,  which  was  first  obaerted  by  Kiciiwalu,'  diffcrea- 
tiates  mncins  from  other  bodies  which  have  long  been  mistaken  for  it  and 
which  have  similar  physical  properties.     On  the  other  hand,  bodies  whoso 
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'  noppe-9«y]cr  lnu  glwn  the  nomp  frrotAde  lo  Ehew  compotiiid  pruipfds.  but  as  tb>t 
term  U  mialcEKlinj^  In  Knglloli  we  tin  Lot  ucc  it  iu  Bnglisb  classilioitians  in  tbls  scum-. 
*  Aaaal.  d.  Cbcm.  u.  Pbarm..  Bd.  184. 
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phTsical  properties  diller  from  it,  bat  whicb  gird  a  reducible  snbstADce  on 
boUiug  with  dilute  mineral  acids,  bave  also  beeu  dcaigontod  as  mucini. 

Tho  difTcrent  bodies  cbaracterized  as  tniicin  substances  corrcspotid,  first, 
either  to  trite  mucins,  or,  second,  to  mucoids  or  mucinoids^  or  tbirj  to 
ehondroproteiih. 

All  mucin  substances  contain  carbon,  hydrog?ti,  nitrogen,  sulphur,  and 
oxi/gtn.  Compared  vith  albnmiuona  bodies  Ibey  contain  less  nitrogen  and» 
as  a  mle,  cousiderablv  less  carbon.  As  irotncdiate  decomposition  products 
thej  yield  albumiuous  bodies  on  one  side  and  carbohydrates  or  acids  allied 
thereto  ou  tbe  other.  On  boiling  n-itb  dilate  mineral  acids  they  iiU  give  a 
redaciog  substance. 

Tbe  true  mucins  are  characterized  by  tbetr  natural  solution^  or  one 
prepared  by  the  aid  of  a  trace  of  alkali,  being  macilaginons,  thread-like^ 
and  giving  a  precipitate  with  ucctic  acid  which  is  insoluble  in  excess  of  acid. 
The  mucoids  do  not  sbov  these  physical  properties  and  hare  other  solubili- 
ties and  precipitation  |in>porties.  As  ire  have  iutarmedlate  steps  Wtvreen 
different  albnniinons  bodies,  so  also  we  liarc  sacli  between  true  mucins  and 
mucoids,  and  a  sharp  line  between  these  tvo  gronjis  cannot  be  drawn. 

True  mucins  are  secreted  by  the  larger  nmcous  glands,  by  certain 
mucous  membranes,  also  by  the  skin  of  snails  and  other  animals.  Trna 
mucin  also  occurs  in  the  connective  tissue  and  navel-cord.  Sometimes,  as 
in  snails  and  in  the  nieuibrane  of  the  frog-egg  (CIiacosa  '),  a  mothcr- 
BiibstancQ  of  mucin,  a  mncinogen,  bus  been  found  trbicli  may  be  converted 
iQto  mucin  by  alkalies.  Mucoid  sabstances  are  foand  in  cartilage,  certain 
cysts,  in  the  cornea,  tho  cryatullme  lens,  white  of  egg,  and  in  certain  ascitic 
fluids.  As  tbe  mucin  question  lius  been  very  littlo  stadiod,  it  is  at  the 
present  time  impossible  to  give  any  positive  statements  in  regard  to  tho 
nccnrreuce  of  mucins  and  mucoids,  especially  as  without  doubt  in  many 
caSQB  non-mucinous  subatances  haTe  been  described  as  mucins.  So  much  is 
sore,  tiiat  mucins  or  nearly  related  bodies  occur  widely  dllTused  in  tha 
organism  in  certain  tissues.  From  their  decomposition  products  we  derive 
a  great  deal  of  knowledge  in  rcganl  to  tho  formation  and  cl^ivage  of  carbo- 
hydruiCH  or  kindred  liodtes  (glycumnio  acid)  from  other  complex  groups. 

True  Mucins.  Thus  far  we  hare  been  able  to  obtain  only  a  few  mucins 
in  a  pnro  and  nnchnnged  condition  due  to  tho  reagents  used.  The  elemen- 
tary analyses  of  these  mucins  have  given  tbe  following  results: 


MirIu  from  HaNlI  80.S3 

Mucin  frum  U-tii)oii 4S.80 

Mucio  rrurn  sultmiudllAry.   ..  4884 
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The  mucin  of  tbe  snail-skin,  which  stands  closest  to  keratin,  coutaina 
more  sulphur  than  the  other  mucins.     The  same  is  true  for  tbe  mucin 

'  Zeit»cbr.  f.  physlol.  Chem.,  Bd.  7  ;  niso  namiiiiir»ten,  PflQger'K  Arcliiv,  IM.  SO 
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cbbuneil  from  the  Achilles  tendon  of  oxan  as  prepared  hj  Chittehdeh  and 
GiES,'  which  coQtains  on  aa  average  2,3^<£  Butpbur.  The  Bulphnr  is,  at 
least  in  certain  inncina,  partly  split  ofl  by  alkali,  and  in  others  not. 

Ily  the  tuition  of  superheated  steam  on  mucin  a  car)>ohydrate,  animal 
gnm  (Laxuweuk),  ia  split  olT.  This  has  not  been  subataotiuted  by  other 
iavestigutors  such  aa  Folin  anil  F,  ItLt'iXBR.*  Instead  of  a  non-iiitrogenoua 
gnm  a  nitrogenona  earbohydrube  v&s  obtainetl. 

On  boiling  mncin  with  dittite  mineral  acids,  acid  albuminate  and  boiliea 
similar  to  albimiose  or  peptone  are  obtained,  besides  a  reducing  Bubstance. 
MC'Li.Kn  obtained  'i5~',i2%  reducing  substance  on  boiling  the  mucus  from 
the  respiratory  organs  with  3-^  eiilpharic  acid.  lie  also  prepared  a  crystal- 
line phenylhydrazine  combination  therefrom  having  a  metting-poltit  of 
198"  C.  and  differing  in  other  regards  from  glncosazon.  lie  considers  it 
AS  an  osazon  of  a  hexo&e  which  he  calls  niucofre.  MClu-:r  coold  not  prepara 
the  sugar  itself,  bnt  obtained  a  crystalline  substance  contaiuing  iJA^  N  and 
consiitercd  aa  muct).iamin.  .Tazbwitz'  could  not  obtain  any  sugar  from 
mucin  but  an  oaaxon  melting  at  IS.')^  C.  and  a  rancosamin.  Mi'Li.ER*  by 
a  different  and  better  method  has  obtained  a  benzoyl  combination,  and  then 
from  this  a  crystalline  hydrochloric  acid  combination  of  its  mncosamin,  by 
toiling  mucin  with  acids.  The  crystallographic  researches,  as  well  as  the 
'determination  of  its  optical  rotation,  show  so  mach  to  the  identity  of  this 
-combination  with  cbltasamiu  hydrochloride  that  MCllbr  considers  the 
name  mucosBmin  nnneceesary.  The  oaazon  obtained  from  this  combination 
differs,  on  the  contrary^  from  the  glncosazon  in  the  following:  It  melts  &t 
lOS  to  19G°,  it  is  readily  soluble  in  alcohol,  and  is  loivo-rotatoiy.  According 
to  E.  FisniKU,  who  has  investigated  it,  it  is  not  identical  with  glucosazon, 
biLL  seeDiB  rather  to  bo  galactosazon.  On  boiling  mucins  with  liydrochlorio 
acid  acetic  acid  may  also  be  split  oS,  and  indeed  4-1  molecule  for  each 
molecule  of  reducing  substance.  By  the  action  of  stronger  acids  we  obtain 
among  other  bodies  leucin,  tyrosin,  and  levoLinic  acid.  Certain  mucins,  aa 
the  snbmaxillary  mccin,  are  easily  changed  by  Teiy  dilate  sJkalies,  aa  Itme- 
water,  while  others,  such  as  tendon-mucJn,  are  not  affected.  If  a  strong 
causttc-alkali  solntion,  aa  a^;£  KOII  solution,  is  allowed  to  act  on  submaxil- 
lary mucin,  ve  obtain  altcalt  albaminate,  bodies  similar  to  albamose  and 
peptone,  and  one  or  more  substances  of  an  acid  reaction  and  with  strong 
ledacing  powers. 


>  Hntnmantei).  PnQgefs  Arcli.,   Bd.  86,  nod  Zeilxchr.  f.  pliyslol.  Cliem..  Bd.  19; 

loebiscb.  iliid..  Hd.  10,  uid  CliUti>ni1en  utid  G1e«.  Journ.  fit  Eipt.  Med..  Vol.  1. 

•Lanilwclir,  Zcllst-hr.  t.  pliyslol.  CIiciii.,  Bdd.  8,  9;  alw  Pflnger's  Arrh..  Bdd.  39 
mad  iO ;  Folii),  Z«il9Cltr.  f.  pli^-slol.  Cbcm. .  Pd.  2S ;  Fr.  Huller.  SUzungtber.  d.  QtmelU 
sch.  zur  Bofnnl.  il.  j^Gsiimmt.  Nntiirwiss.  zu  Marburg,  180S. 

*  Mailer,  1.  c;  Jazewitz.  Arcb.  d.  »cit:ii.  biol.  de  St.  Pitenboiirg,  Tone  S. 

'  SlizuDgibcT.  xur  BefOrd.  d.  gesomml.  Natiirwlu.  zii  Marburg,  18B6. 
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In  oue  or  tlie  olher  respect  the  different  inactDS  act  sooiewliat  diflerently. 
For  example,  the  Biiail  and  tendon  mucins  are  insoluble  in  dilote  hydro- 
chloric Dcid  of  X-'i  p.  m.,  while  the  mucin  of  the  sabmaxillary  gland  and 
the  navel-cord  are  soluble.  Tendon-nmciii  becomes  Haky  with  acetic  acid, 
while  the  other  mucins  are  precipitated  in  more  or  leas  fibrous,  toagh 
masaes.     Still  all  the  mnciua  liave  certain  reitctions  in  common. 

In  the  dry  state  mnciu  formi)  a  white  or  yellowiah-gray  powJer.     When 

moist  it  forms,  on  the  contrary,  flakes  or  yellowish-whil^  tough  lumps  or 

mnstWii      The  mucins  are  acid  in  reaction.    They  gire  the  color  reactions  of 

the  albnminoos  bodies.     Tliey  are  not  soluble  in  water,  but  may  gire  a 

neutral  solution  with  water  and  the  smallest  ctoantity  of  alkali.     Such  a 

-•olntion  does  not  coagulate  on  boiling,  while  acetic  acid  gives  at  the  normal 

'^temperature  a  precipitate  wliich  is  insoluble  in  an  excess  of  the  precipitant. 

If  b~\Qit  NaCl  be  added  to  a  mucin  solution,  this  can  now  be  carefully 

•  acidified  with  acetic  acid  without  giving  a  precipitate.     Such  acidi6od  m\n- 

WoDS  are  copiously  precipitated  by  tannic  acid;  with  potassium  ferrocyanide 

Ibey  give  no  precipitate,  but  on  snificient  concentration  they  become  thick 

or  viscous.     A  neutral  solation  of  mncin-alk:ili  is  precipitateil  by  alcoliol 

in  the  presence  of  neutral  salts;  tc  is  also  precipitated  by  several  metallic 

Its.     If  mncio  is  heated  on  the  water-hath  with  dilute  liydrochloric  acid 

of  abont  2^,  the  1i(|nid  gradcmlly  becomes  a  yellowish  or  dark  brown  and 

rtMluces  copper  oxyhydrate  from  alkaline  solutions. 

The  mucin  most  readily  obtained  in  large  quantities  is  the  submaxillary 

[inocinf  which  may  be  prepared  in  the  following  way:  The  filtered  watery 

extract  of  the  gland,  free  from  form-elements  and  as  colorless  as  possible,  is 

|treated  with  -Z^it  hydrochloric  acid,  so  that  the  liquid  contains  1.5  p.  m. 

UCI.     On  the  addition  of  the  acid  the  mucin  is  immediately  precipitated, 

but  dissolves  on  stirring.     If  this  acid  liquid  is  immediately  diluted  with 

^-3  vols,  of  water,  the  mucin  separates  attd  may  he  porilied  by  redissolving 

in  1-5  p.  m.  acid,  and  diluting  with  water  and  wasbiug  therewith.     The 

mucin  of  the  navel-cord  may  he  prepared  in  the  same  way.'     Tlie  tendou- 

mucin  is  prepared  from  tendons  which  hare  first  been  freed  from  proteid 

by  common-salt  solution  and   water.     Thoy  are  extracted   with   one  half 

saturated  lime-water,  the  filtrate  is  precipitated  with  acetic  acid,  and  tha 

precipitate  purified  by  redissolving  in  dilute  alkali  or  lime-water,  precipitat- 

■|iig  with  acid,  and  washing  with  water  (ltoi,i.KTr,  Loebisch,  Chittendkm, 

and  (riRs).'     Lastly,  the  mucins  are  treated  wJDi  alcohol  and  ether. 

Hacoids  or  Kaelnoids.  In  this  gronp  wo  must  include  those  non- 
phosphorized  glycoproteids  which  are  neither  true  mucins  nor  chondro- 
proteids  even  though  they  show  amongst  themselves  such  a  difference  in 
behavior  that  they  can  be  divided  into  several  sub-groups  of  maciaoids. 
To  tlie  maciuoids  belong  pMudomuein^  the  probably  related  body  colhid, 

■  The  &titbor  1im  not  been  able  to  obtain  tlil«  pure,  so  the  atiftlfla  U  not  giwtii  la 
tite  pravloita  tabic  of  Ibe  miiclos. 

■  RoUetS.  Wleu.  Sltxuagiber..  ltd.  80,  Ablh.  9 ;  Lo«blscb,  Cliltteadea  and  OIm.  1.  o. 
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ovomucoid^  and  other  bodies,  which  on  acconnt  of  their  differences  vUl  be 

best  treated  of  indiTidualL;  in  their  reipectiTe  chapters. 

HyKlogvni.  Uuder  lliii>  Dnme  Kia;KRXBiCKO  *  baa  designated  a  Dumber  of  dilTeriDg 
bt>dii-N,  wliii'li  ;in' clianicUfH^td  !)_v  ilit' fuHuwItig  :  By  lite  (iciinii  of  *ill<ftllfs.llit'y  rlinoge. 
vMli  tJii:  K)>iiuiug  Cifl  q\  sul|)hiir  auii  sotoe  nitiogi'U,  iaio  soluble  iiitrogeulxtKl  prodiicU 
cftllt^d  lir  liiiii  /is/iiJtuet  nutl  wlik-li  yiv'id  u  piiru  t-url>i>l)j'«irnte  by  fiirtliiT  devumixMiition. 
Wv  IJuu  lIiAl  very  lieterogtcivoua  hiibstancca  nrc  {nrludtd  In  these  fn^ups.  C«rtiiiD 
of  those  lirnloKtMiti  sttni  uud^tHlUfdlj-  lo  bu  clytiipruldils.  A'toutn' of  the  Chinese 
edililu  iiWAJInir's-iK'st,  m^nj/irvintu'  (if  Mekrmkt's  menibiikne  BUd  of  tlie  caf'suie 
nf  Die  rryRtRlliiie  lens,  niid  spiroffiupJiin  *  of  llie  bkelelnl  LiFBtie<if  the  wnrm  Hpimgni|i1ils 
teem  to  ACl  Ob  such.  Otlicrs  on  tht;  coiurnry,  »iirli  iib  hytdin  ^  of  the  vnlU  of  hyduiid 
ftyetH,  ontivkin*  fnun  the  tiiticti  tif  Oi>u|)hi»  tutjlcf^tu,  Stttmi  ucil  to  be  coinpniiDfl  ]irnlt!)<l». 
Tlic  Rn-cnlled  tnna'n  of  the  hohjV'urt*.''  And  tJu'mtrotiu*  t\t  llie  tpougr,  Chtmdrosfa  rcid. 
formiB.  aod  olhen  nmy  iiUu  b«  clitaaed  witb  llie  byalo^ona.  As  Ibe  Tarlotm  bodies  de»ig- 
nnlod  by  Kitt^KEMiuiLu  lus  hynlogL'tiii  are  Tcrjr  disdiullar,  it  is  uot  of  mucli  imporiaoce  in 
aiTangt  tbrsc  iu  i^pcctal  groups. 

Chondroproteids  are  anch  gljcoprotetdB  which  as  closest  cleavage 
products  yield  proteid  and  an  ethereal  enlphnric  acid  containing  carbo- 
hydmtc,  cfiondroUiit-svljihuric  acid.  CkundromvcoiiU  occarring  in  cartilage 
ia  the  best  example  of  this  group.  Amyloid  occurring  under  patliological 
conditions  also  belongs  to  this  group.  On  account  of  the  property  of 
'  cbondroitin>Bulphnric  acid  of  precipitating  proteid  it  is  also  possible  that 
under  certain  circinnstaiicen  combJnationB  of  this  acid  with  proteid  may  be 
precipitated  from  the  urine  and  be  coneidered  as  chondroproteids. 

Choudroniiicoid  has  greatest  interest  asa  constituent  of  cartilage,  and  on 
tbi.<)  ncconnt  this  body  and  also  its  cleavage  prodnct,  chondroitin-anlphnric 
aciil,  will  be  treated  of  in  ronnection  with  cartilage  (Ctiapter  X).  On  llie 
contrary,  amyloid,  which  hue  always  been  treated  of  in  connection  with  the 
protein  snbstances,  will  be  described  here. 

Amyloid,  bo  called  by  ViRrifou',  is  a  protein  siibstitnce  appearing  under 
pathological  conditions  in  the  internal  organs,  snch  m  the  spleen,  Urer,  and 
kidneys,  as  infiltrations;  and  in  serous  membrunes  as  granules  witb  con- 
centric layers.  It  probably  also  occurs  hs  a  coiiptituent  of  certain  prostate 
calculi.  The  chondroproteid  occurring  under  physiological  couditious  in 
the  walls  of  the  arteries  is  perhaps,  according  to  Krawkow,  very  nearlj 
Telated  to  the  amyloid  substance  even  tf  not  iilenticHl. 

Amyloid  was  first  prepared  pure  recently  by  Krawkoiv.*    The  sab- 

>  Verli.  d.  pbyilk.med.  QchIIscIi.  an  Wnrzburg.  1868;  alao  Zdlacbr.  f.  Biologle, 

Bd.  SS. 

*  Erukeiiberg,  Zeftscbr.  f.  Biologic.  Bd.  28, 
•C.  'I'b.  MiJnier.  Zollsobr.  f.  pbysiol.  Chem.,  Bd.  J8. 

*  Krukt-nbcrg,  WQraburg,  Veihandl.  1883  ;  nlno  Zehaclir.  f.  Biologic  Bd.  22. 
'  A.   Lllcke,   Vlrrbuw'a  Arcb.,  Ittl.   19 ;  alui  KTiiheDbcrg,  Vergtekbeade  pbraloL 

8lu(l.,Seri«l  and  J.  1881. 

■  Scbtniedcberg,  Xhtli.  nus  d.  zool.  Stnt.  zii  Neapttt.  Bd.  8. 188S. 
»  HilgiT.  PtlQBcr'.H  AicbiT.  B«l.  3. 

*  Krukdubcrg.  ZeitKbr,  f.  RIolo|rie,  Bd.  22. 
*Arcb.  t.  ei|K  Pulb.  u.  Pliurin..  Bd.  40,  wbicb  also  coDlaiot  tbe  older  literature. 
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stance  prepared  by  him  ooutaioed  C  48.86-50.33;  U  6.65-7.02;  N  13.79- 
14. U7;  and  S  2.65-2.89*.  Phoaphoraa  does  not  occar  in  the  jmre  eub- 
Blance.  It  eplits,  by  the  action  of  »lkaii,  ioLo  proleid  and  chondroitia- 
finlphnric  ftoid  (see  Chapter  X)  and  according  to  Krawkow  is  therefore 
perhaps  an  eater-like  combination  of  this  acid  vith  proteid. 

Amyloid  is  an  amorphona  white  substance,  insoluble  in  vater^  alcohol, 
ether,  dilute  hydrochloric  and  acetic  acids.  It  is  soluble  in  concentrated 
hydrochloric  acid  or  Oinstic  alkali  with  decoinpoflition.  On  boiling  with 
dilnte  hydrochloric  acid  it  yields  sulphuric  acid  and  a  redncing  subetanee. 
It  is  not  dissolved  by  gastric  juice. .  It  is  novertheless  changed  so  that  it  is 
sotahle  in  dilute  ammonia,  while  the  genuine  typical  amyloid  is  insoluble 
therein.  Amyloid  gives  the  xanthoproteic  reaction  and  the  reactions  of 
Kiux>x  and  Auamkibwicz.  Its  most  important  property  is  its  behanor 
with  certain  coloring  matters.  It  is  colored  reddish  brown  or  n  dingy 
riolet  by  iodine;  a  violet  or  blue  by  iodine  and  sulphuric  acid;  red  by 
me  thy  Ian  ill  ne  iodide,  especially  on  the  addition  of  acetic  acid;  and  red  by 
aniline  green.  Of  those  color  reactions  those  witli  aniline  dyes  are  the  most 
important.  The  Iodine  reaction  uppeara  lass  constant  and  ia  greatly 
dependent  npon  the  physical  condition  of  the  amyloid.  The  color  reactions 
are  dependent  npon  the  presence  of  the  choadroitin-sulphnric  acid  com- 
ponent. 

The  preparation  of  amyloid  may  be  performed  as  follows  acconling  to 
Krawkow:  The  finely  divided  ma&s  of  organ  ih  eihansted  tirst  with  water 
and  then  with  dilute  amDionlu,  which  leaves  tlie  insoluble  amyloid  and 
removes  the  free  or  tlie  combined  ehondroitin-siilphiiric  acid  besides  other 
8(il«tancc4.  The  product,  after  being  woHhcl  with  water,  ia  digested  with 
peiwin  for  several  days  at  38°  C.  Tlie  residue,  after  watihing  with  liydro- 
chioric  acid  and  water,  is  dissolved  in  dilute  ammonia,  tUtered,  again 
precipitated  with  dilute  hydrochloric  acid,  dissolved,  if  necessary,  in 
ammonia,  precipitated  a  second  time  with  hydrochloric  acid,  washed  with 
water,  tlie  precipitntc  diasolved  in  buryta-water,  which  leaves  the  nucleina 
undissolved,  and  the  barium  filtrate  precipitated  with  hydrochloric  acid,  and 
then  wash';d  with  water,  alcohol,  and  ether. 

FbMpboslycopfotflidi.  TMs  croup  lucliidcfl  tlic  plitnpliorlfed  clrcoproieids,  Tbtiy 
j-frl  I  nil  xniithiit  hiLliRianrra  (iiucleiu  bnaesl  us  rlovuge  pnixliiclA.  Ttiry  arc  mil  micln»- 
|ir<4ciiU  iukI  llitn-foro  ihi.>y  inu«t  not  Im  ci>uiii>UT«il  togi-tlior  with  the  gljconuc-leopro. 
tciilh  ^nuclei tgl>-oi>iiriiiei<l»)  or  inintakcn  for  ilit:iii.  ()i>  m||iHiu  ili|i;e«itciii  Ihi'y  imiy  lika 
tiTfiii)  11  lie  I  in  ml  1 1 11)11 1  Its  yidil  p«ciiiloiiiicU-i».  1)111.  1li«<y  afnir  frnin  llic  mirliNwIlmiiiiDi 
Id  lluil  till.'/  yivltl  a  reducioif  Biil>«Uacc  on  iKjtliDi*  with  dilute  aciil.  Tli«y  (liSet  frotn 
tlir  glycciuiivleoproteiils  in  lliut  Ilivy  ilu  not,  as  aliove  itivtitlDHMl.  ylt^lil  imy  xntiibin 
bodies. 

Only  two  pliDSpborizeit  glycouroleiiN  itrc  Itiiciwri  ul  lUe  prrsciit  ttiiir.  iinruHy,  iVA. 
ihuUn.  uccufTitig  iu  csrp  Cfr^s  atiu  sltidiixl  Uy  Wai.tkk  '  and  wlifcli  wu:s  coiiHiderinl  k*  n 
vitoiliii  fuiK  time.  Iclittiiiliii  bii»lljvfolli>wiii^(;i'iiipiMitioii:  C'&;152;  1!7.71,  N  iri.64; 
8  0.41;  P0.4a;  I-tO.  lOJ.  In  regard  to  solubilities  It  U  similiir  lo  a  glnbiiliii.  Waltkb 
has  preuaretl  a  mincing  *iib«tsiic«  fTOiii  tbe  ptiranucleia  of  IcLlbuliu  wblch  gHve  a  very 
CTTiUlluiB  combiu&tiop  vrilb  plicnylliydrazio. 


Zfll«cbr  f.  phyriol.  Chem..  Bd.  15. 
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Aooilicr  pliosnlioglycnprolelH  is  htlinyprotcid.  oblikIi),(.tI  by  lli€  autbor'  from  iba 
elitutU  uf  tho  snail  Helix  pomalia.  Ii  hus  the  following  rtiiii|i<Htliuii :  C  40.90;  H  0.7H; 
N  0.06  ;  8  0.(S2:  1' 0.47;I  ll  i^  i-onverlKtl  into  a  gummy.  liCTO-TOtHlory  (-arboliytlnde. 
«allLtl  animal  tiuittrin.  by  itic  nciioD  of  ulkalles.  Oa  bolliugirllli  tsx.  acid  il^iulds  ■ 
dextro-rutalury,  reducing  subslnoca. 

Kacleoproteidt.  With  this  name  wo  deeignat«  those  compoand  proteido: 
whicii  vielil  true  iincleiiis  (see  C'lmpter  V)  on  pepBiii  digestioQ  and  those 
frbich  ;iel(i,  besides  proteids,  x&uthin  bodies  or  so-called  naclein  Wea 
(pnrin  baseA)  on  boiling  with  dilute  mineral  acids. 

The  iiuclcujiroteiila  seem  to  bo  wideW  diiTuued  in  the  animal  body. 
The;  oocor  chiefly  in  the  cell-nuclei,  but  they  also  often  oconr  in  the  proto- 
plasm. They  mny  posa  into  the  animal  Auids  on  the  destruction  of  the 
cell£,  heuco  niicleoproteidti  tiare  also  L^een  foand  iu  biood-scram  nnd  other 
flnids. 

They  may  be  considered  as  combinations  of  a  prototd  nucleus  with  asidftl 
chain,  which  Kossel  calls  tlie  rKtisTETic  oroup.  This  side  chain,  which 
contains  the  phoaphorns,  may  be  aplit-ofT  ae  niicleio  acid  (see  Chapter  V)  oa 
treatment  with  alkuli.  As  we  Imve  several  nucleic  acids,  it  follows  that  we 
xnnst  hare  diitereiit  nacleoproteids,  depending  i]{>on  the  nnclelc  acid  united 
vith  the  proteid.  Cerlaia  nacleic  acids  contain  a  readily  split  otT  sugar 
{pentose  or  hexose),  others  on  the  contrary  not.  In  tho  first  case  we 
obtain  from  the  corresponding  nucleoproteid  a  reducing  sugar  on  boiling 
with  dilute  mineral  acid,  while  in  the  other  ciue  thid  is  not  possible.  This 
diilercnt  behavior  may  bo  accounted  for  by  a  Bpecial  group  of  unclcoproteids, 
the  glyconnoleoproteids  or  nucleoglycoproteids.  Such  glycouucleoproteida 
occur  in  jeast-cells,  in  the  pancreas,  and,  as  it  appears,  are  widely  dis- 
tributed In  t>ie  animal  orguntsm. 

The  native  nucleoproteids  contain  ii  yariable  but  not  a  high  percentage 
of  phosphorus,  which  IlAi-MBtUTON '  found  to  vary  between  0.5^  and 
l.C^.  On  beating  tlieir  solutions,  as  well  as  by  the  action  of  dilate  acids, 
«  modification  of  the  compound  proteid  takes  place  and  nucleoproteids  of 
strong  acid  character,  poorer  in  proteid  but  richer  in  phosphorus,  are 
formed.  The  native  nucleoproteids  have  faint  acid  proj>erties  and  are  iu- 
Bolnble  in  water  but  whose  alkali  combinations  soluble  in  water  split  on 
heating  their  solution  into  coagulated  proteid  and  a  nucleoproteid  rich  in 
phoephoros,  which  remains  in  solution.  In  peptic  digestion  they  yield  so- 
called  tme  nuclein.  The  proteid  can  be  precipitated  by  acetic  acid  from  its 
alkali  combination,  and  the  precipitate  dissolves  with  more  or  less  readiness 
in  an  excefts  of  the  acid.  A  confasion  may  occnr  here  with  nacleoalbumina 
And  also  with  mncin  substances.  This  confusion  may  be  avoided  by  warm- 
ing the  body  for  some  time  on  tho  water-bath  with  dilate  salpliuTic  acid, 
nearly  neutralizing  the  boiling-hot  fluid  with  barinm  hydrate,  filtering  m 


*  DamuiBntea.  PflQger's  Arch..  Bd.  M. 
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quick  as  possible  while  boiling  bot,  snpersatnrating  the  filtrate  vitli  am- 
monia, and  then  on  cooling  (when  a  precipitate  consisting  of  gnanin  ii 
filtered  oS  and  Hi)CciaUj  tested)  testing  for  xanthin  Ijodies  by  an  ammoniacal 
silver  nitrate  solntion.  Any  precipitate  formed  ii  examined  more  cloeely  by 
the  method  as  giren  in  Chapter  V.  The  nncleoproteids  give  the  color  reac- 
tiuuR  of  the  proteids. 

The  properties  of  the  various  uncleoproteidB  are  given  in  detail  in  the 
rarioas  chapters  which  follow. 

III.  AlbiinioidH  or  AlbiiniinotdH. 

Under  tbi*  name  we  collect  into  a  special  group  all  those  protein  bodiea 
which  cannot  be  pUced  in  either  of  the  other  two  groaps,  although  they 
difler  easentlally  among  themselvoa  and  from  a  chemical  standpoint  do  not 
sboir  iiuy  radical  difference  from  the  true  proteid  bodies.  The  mmt  im- 
portant and  ubundaut'  of  the  bodies  belonging  to  this  gronp  are  imjwrtaut 
constituenU  of  the  animal  skeleton  or  the  ontaneons  stractore.  They  occar 
AS  a  rule  in  an  insoluble  state  in  the  organism,  and  they  are  distingnisliod 
in  most  cases  by  a  prononnced  resistance  to  reagents  which  dissolve  proteids, 
or  to  chemical  reagents  in  general. 

The  Keratin  Oroup.  Keratin  is  the  chief  constituent  of  the  homy 
structure,  of  the  epidermis,  of  hair,  wool,  of  the  nail,  hoofs,  horns, 
feathers,  of  tortoise-shell,  etc.,  etc.  Keratin  is  also  fonnd  as  uenrokeratin 
(KCnsp.)  in  the  brain  and  nerves.  'Hie  sliell-niembrune  of  the  hen's  egg 
leenus  also  to  consist  of  keratin,  and  aoconling  to  Nkumfjstf.r  '  the  organic 
matrix  of  the  egg-shells  of  rarions  vertebrate  animals  belongs  in  most  cosea 
to  the  keratin  group. 

It  seems  that  there  exist  more  than  one  keratin,  and  those  form  a  special 
group  of  bodies.  This  fact,  together  with  the  difficnky  in  isolating  the 
keratin  from  the  tiemes  in  a  pnre  condition  without  u  partial  decomposi- 
tion, U  ButTiclentexplattation  for  the  variation  in  tlie  elementary  conipoattion 
given  below.  As  examples  the  analyses  of  a  few  tissaes  rich  in  keratin  and 
of  keratins  are  given  as  follows :  * 


CUM 

Hiimao  hKir...          SO.ftU             6.3«  17.14 

Nail 51.00             e.M  17.51 

Ni!iirokcraUn....  ffi. 11-98.40  7.3ft-e.0i  11.48-14.83 

Hoti.  (*T«ni(»)..        60.88  6.W  

TortoiBe-iJielf....        04. 8B             6.50  10.77 

aiidl-meiubnoe.        49.78             S.64  16.-18 


8  O 

0.00  S0.8n(r.  Laak) 

S.60  21.7Q(MtTLPEK) 

1.63-3.34  (KDHNK) 

8.80  ...    (HoUHAfUKWSKl)- 

3.38  IU.56(Mui.i>Eu) 

i.2!i  22.90  (LtKUVAUL] 


■  KDhoe  mad  £v*lil,  Verii.  d.  nnturhltlor.-med.  Vcretoa  ku  Eddelborg'  (N.  F.>,  Bd. 
1 ;  Alto  EQhue  Rnd  CliiUendvii.  ZciUchr.  f.  Biuluj^ie.  Bel.  30  ;  lieumeister,  Md..  Bd.  SI. 

■v.  Lnar,  Aonftl.  d.  Cbem.  u.  Fliarm..  Bd.  45; — Mulder,  Veniich  eloer  allgem, 
plij^iul.  Cljitm.,  BmuuacbwelK.  1BI4-A1  ;  KUlitiu,  Zvltschr.  f.  Blologle.  B<1.  36;  Hor- 
baczen-ski.  eee  Dntchiel  Id  LtuIoDburg's  naudwOnerbucli  d.  Cbem.,  Bd.  8;  Llmlvnll^ 
Ukly's  Jmbrobcricbt.  1381. 


Tfnt  pnoTBnr  substances. 

Mouh'  has  determined  the  quaDtity  of  eulphnr  in  varioos  keratin  sab- 
ftlances.  Snlphnr  is  at  least  in  part  in  loose  combination,  and  it  is  jmrlly 
removed  hy  the  uctlon  of  aliialiei  (ub  b-ulphidea),  or  indeed  in  part  bj  boiling 
with  vater.  Combe  of  lead  after  long  usage  become  bIaok>  and  this  is  due 
to  tbe  action  of  tbe  sulphur  af  the  hair.  On  beating  keratin  with  water  in 
eeale<l  tubes  to  a  temperatnre  of  1*)0°  to  200"  C.  it  diRsokes,  with  the 
elimiaatioo  of  Bulphnrettcd  hydrogen,  forming  a  non-gelatinizing  liquid 
trbich  contains  albainogo  (cnlled  leraiinose  by  Ki<rKEN'nER<i  *)  and  ]iep- 
lone  (?).  Keratin  is  di^solred  by  alkalies,  especiatly  on  heating,  forming, 
besides  alkali  sutphides,  albnmoaes  and  peptones  (?). 

The  dconiposition  prodrtctsof  kemtinsore  moreover  the  same  as  the  tme 
proteids.  On  boiling  with  acids  we  ohtain  hesides  leocin  and  tyrosin,  which 
occnrs  in  relatiTely  great  anionnts  (t-'>,<),  wpartic  acid*  and  glatamio 
acid,' aminoniu,  and  snlplmrctled  hydrogen.  HEDiN*has  obtained  Ivsin, 
argiuiu,  and  a  sabgtance  containing  snlphnr,  whose  cooihiuation  with  IICl 
has  the  composition  C,,II„N^O„S('l, ,  from  horn  shavings. 

There  U  no  donbt  that  the  kenitlns  are  derired  from  the  proteids. 
DREcnsEL*  id  altto  of  the  opinion  that  in  the  keratin  a  part  of  tbo  oxygen 
of  the  proteids  ia  exchanged  for  snlphnr,  and  a  part  of  the  lencin,  or  any 
other  amicio-acid,  is  exchanged  for  tvroein.  Keratin  and  proteids  give  the 
same  deponii>08ition  prodncts,  with  the  exception  that  the  fonner  gives 
proportionally  n  greater  quantity  of  tyrosin.  Among  the  snlphnrized 
cleavage  prodncts  of  keratin  Kjimkklino  foand  cysfin,  and  StTEu'  thio- 
Ittdie  acid.     SuTER  conld  not  detect  either  oystin  or  cyatcin. 

Bodies  ocenr  in  the  animal  kingdom  which  form  intemiei3iate  bodies 
between  coagnlHted  olbumiu  and  keratin.  C.  Th.  Muitxttt*  has  detected 
snch  a  body  {nll/Hvioid)  in  tlie  tracheal  cartilage,  whicli  forms  n  net-tike 
trabccnlar  tissue.  This  subutanro  appears  to  be  related  to  the  kcralins  on 
account  of  its  soluhilitles  and  on  tbe  ([uantitj  of  the  sidpuhnr  (which  tnrna 
lead  black)  it  contains,  while  according  to  its  solubility  in  gastric  juice  it 
muRt  stand  close  to  tbe  proteids.  Another  snbstaiico,  more  similar  to 
keratin,  forms  the  homy  layer  in  tbe  gizzard  of  binli4.  According  to 
J.  11eui:nii.'s*  this  substance  is  insoluble  in  gastric  or  pancreatic  jaice  and 

i^i'iUilir  f.  physlol.  Cliem..  Bil.  2o!  ^ 

'  Uiu*niiir-li.  niter  d.    c-hem.    Bau  A.   ElwebskOrper.    Sliziing»bcr.    d.   Jcuatschca 
Ocftellarli.  f.  MiM.  u.  Xalurwluctiicli.,  1861 
'  KnusItT,  jLHini.  f.  pmkl.  Clicni.,  Bd.  107, 
<  IlnrtiiKKcwaki,  Stizungsticr.  d.  k.  k.  'n'ien.  Akod.  rl.  WIitNenach.,  Bd.  80. 

*  Kgl-  fysio;;!'.  Ssllsk.  I  Lund  liandlfngor,  iid.  4;  *Ito  Mflly't  Jtthte»ber..  1898,  and 
Seltscbr.  r.  jili^-fllol    n»;m.,  Belli.  aOarKl  31. 

*  Drccb»«l  lu  Liiiil«iiburg'it  HutidwQrUTtjucti  d.  CLem. ,  Bd.  S. 

1  £mmf rlltiK.   >Icf.   lu  Clicitiikrr  Zokg.,  Mo.  80,  1804;  SuWr,  Zi-It«chr.;f.  phyaiol. 
Chem..  Bil.  20. 

'  .Sec  Miily'B  Jabresbcr.,  1SS8. 
Sknu.  Arcb.  f.  Pbrslo).,  Bd.  a. 
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acts  qnite  similar  to  keratin.     It  contuimi  only  1%  salphur,  and  jielda  on 
decompoflitioD  onlj  very  little  tyrosiii  bceides  considerable  leacia. 

Keratin  ia  amorptioiia  or  takes  ttie  form  of  the  tiesiieg  from  whicli  it  va8 
prepared.  On  beating  lb  decomposes  and  generated  an  odor  of  bornt  bora. 
It  XA  insolnble  in  water,  alcohol,  or  ether.  On  heating  with  water  to 
1$0'*-200°  C.  it  dissolves.  It  also  <Iiaaolves  gradually  in  caustic  alkalies, 
especially  on  heating.  It  is  not  diaeoUed  by  artificial  gaatriojitice  or  by 
Irypttin  solntiona.  Keratin  gives  the  xanthoproteic  reaction,  as  well  as  the 
ttactioQ  with  Millu.n's  reagent,  although  not  always  typical. 

In  the  preparation  of  keratin  a  llnely  diriiled  liorny  structnre  is  trnatcd 
6r8t  witii  l>oilmg  water,  then  conaecnticely  'witii  diltitwl  acid,  pepaiii-hvdro- 
cbloric  acid»  and  alkaline  trypsin  solution,  and,  lastly,  with  water,  alcohol, 
and  etiier. 

£laitin  occurs  in  the  connective  tiseno  of  higher  aniniatH,  sometimes  in 
each  large  quantities  that  it  forms  a  special  tissue.  It  ooours  most 
abundantly  in  the  cervical  ligament  [ligamentum  nncha>). 

Klastin  is  generally  considered  as  a  snlphnr-free  substance.  According 
to  the  investigations  of  Citittextien  and  II.vrt,  it  is  a  •[iiestion  whether  or 
not  elastin  does  not  contain  sulpbnr,  which  is  removed  by  the  action  of  the 
alkali  in  its  preparation.  IJ.  Soiiwak/  has  been  able  to  prepare  au  elastin 
containing  sulphtir  from  the  norta  by  another  method,  and  this  8ul]ih[ir  can 
be  removed  by  the  action  of  alkalies,  without  changing  the  projjerties  ot 
the  elastin,  and  recently  Zoja,  Uedix,  and  liEitoii '  have  found  that  elastin 
concains  snlphur.  The  most  triistwortliy  nniilvsi's  of  elastin  from  the  cervical 
ligament  (Ko«.  1  and  "Z)  and  from  the  aorta  (N  >.  A)  have  given  the  follow- 
ing results: 

8  O 

....  21.8^  (Hni(BAC7iiWciKi)< 

....  21.79  (C'mrTKNUKK  kmJ  Hart) 

0.3»  (H.  tJmiwAKK) 

ZoJA  found  0.'n<i%  sulphur  and  IC.O'W  nitrogen  in  elastin.  IIedik 
and  Heikmi  found  different  >|uantities  of  nitrogen  in  elastin,  deji^nding  upon 
whether  Horraczkwbki's  or  ScHtVAHz's  method  was  used  in  its  prepara- 
tion. In  the  first  cage  they  found  \hA-^^  nitrogen  and  \i.bh%  SDlphnr,  and 
in  the  other  14.67^  nitrogen  and  O.OU^  sulphur. 

The  cleavage  products  of  elastin  are  the  same  as  for  the  true  proteida, 
with  the  difference  that  glycocoll  bot  no  aspartic  and  glutamic  acids  ara 
obtained.*  Tyrosin  is  only  obtained  in  small  rimmtitie^.  StinvAKi!  was 
able  to  detect  lysatin   in   the  decomposition   prodncts,  but  TIedin'  and 


C 

IT 

N 

I. 

W89 

6.00 

16  75 

M^ 

7.37 

18.70 

8. 

98.03 

7.US 

16.  B7 

■  Chiticndeii  nod  Hurt,  Zeiiitclir.  f.  Biologic.  Bil.  :^^:  Sctiwarz.  ZvilscLr.  i.  ptiysioL 
Cbcni  ,  Bit    18;  Z(>Ja,  ibiA.,  Hrl.  1&:  Rercl'.  iMd..  IM.  S.*!;  Hvdiii.  tHA. 

■  llorbficxowtkf.  Ze)t»clH'.  f.  |>lij»iol.  Chi-in.,  Bd   0. 
*8ee  UrooliKi  In  Latlcnbuig's  IltiiitlwOrii-rbiirli,  Bd.  8. 
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Bbrgh  could  not  find  either  lyaia  (Ijsatiii)  or  argicia.  On  putrefaction  Ly 
fLDaerobic  uiicro-orgaDiamg  Zoja  foaod  carlioii  dioxide,  hydrogen,  nietlmae, 
mercaptan,  bntjric  acid,  valonanic  acid,  ammonia,  and  jioEfiibly  also 
pbenylpropionic  acid  and  aromatic  oxjaclds.  indol  and  ekatcl  hare  not 
been  fonnd  in  putrefaction,'  but  Schwahz,  ou  t!ie  contran-,  obtained  indol, 
Ekatol,  benzol,  and  phenols,  on  fuEiug  aorta>elaeLiti  with  caustic  potash. 
On  heating  vith  water  in  closed  Teasels,  on  boiling  with  dilate  acids,  or  by 
the  action  of  prot«olytic  euzymea,  the  elaatiu  dieeolve^  and  sjiliLs  into  two 
chief  producUj,  culled  by  IIoubacef.wski  kaniditstin  and  rUinihijieptotie. 
According  to  CiiiTrEXi>EK  and  Hart,  these  products  correspond  to  two 
albuinoees  designated  by  them  protoehstrjse  ami  dcnteroelastose.  The  first 
is  soluble  in  cold  water  and  separates  on  heivting,  and  its  solution  is  precipi- 
tated by  mineral  acid  as  well  aa  by  acetic  acid  and  potaasinm  ferrocyanide. 
The  watery  eolation  of  the  other  does  not  btcome  cloudy  on  heating,  and  is 
not  precipitated  liy  the  above-ineutioned  reagents. 

Pure  dry  elastin  is  a  yellowish-white  powder;  in  the  moist  state  it 
appears  like  yellowish-white  threads  or  membranes.  It  is  insoluble  in 
water,  alcohol,  or  other,  and  shows  a  resistance  against  the  action  of 
chemical  reagents.  It  is  not  dissolved  by  strong  caustic  alkalies  at  tho 
ortliiiary  temperature,  and  only  slowly  at  the  boiling  temperature.  It  ia 
very  slowly  attacked  by  cold  concentrated  sulphuric  acid,  and  it  is  relatirely 
easily  dissolved  ou  warming  with  strong  nitric  acid.  Klaetins  of  differing 
origins  act  differently  with  cold  concentrated  hydrochloric  acid-;  for  in- 
stance, elastin  from  the  aorta  dissolves  readily  therein,  while  elastin  from 
the  ligamentnm  nnch»,  at  least  from  old  animals,  dissolves  with  difficnltj. 
Elastin  is  inorH  readily  dissolved  by  warm  concentrated  liyilrochloric  acid* 
It  resjwndB  to  the  xanthoproteic  reaction  an<I  with  Mii.i.uN'fi  reagent.  , 

On  account  of  its  great  resistance  to  chemical  reagents,  elastin  may  be 
prepared  (best  from  the  ligamentum  nucha')  in  the  following  way;  Firat 
boil  with  water,  then  with  l^  caustic  i)Otafih,  then  again  with  wator,  and 
lastly  with  acetic  acid.  The  residue  is  treated  with  cold  Hi  hydrochloric, 
acid  for  twenty-four  hours,  carefully  washed  with  water,  boiled  again  with 
▼ater,  and  then  treated  with  alcohol  and  ether. 

ScnwAHZ  first  incompletely  digested  the  tissues  with  pepsin,  washed 
first  with  soda  solution  and  then  witb  water,  and  boiled  laitly  with  water 
ontil  the  elastic  substarice  was  dissolved  away.  The  dried  iLiid  powdered 
sulwLancQ  is  ag^n  digested  with  gastric  juice  and  treated  as  above,  and  then 
boiled  with  water  until  the  contaminating  reticuliu-Iike  substance  is  com- 
pletely removed. 

Collagen,  or  gelatin-forming  snbstaucc,  occurs  very  extensively  in  verte- 
brates.    The  flesh  of  cephalopods  is  claimed  to  contain  collagen.*     Collagen 


'  Wftlcbll.  Journ.  t.  prakt.  Chem..  Bd.  17. 

•  Hoppe^Seyler.  Pli^slul.  Cbem.    Bcrllu,  1877-81. 
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is  the  chief  conatitaettt  of  the  fibriU  uf  the  counectire  tissno  mu]  (ilb  ossein) 
of  the  organic  substaiictisi  of  the  Iwnv  structure.  It  also  tcctir^  in  the 
cartiUgitious  lifwuea  as  chief  ooiistitaetit,  but  it  is  here  i:.i.\ch1  wlili  other 
eabstances,  producing  what  wna  formerly  called  chondrlj^n.  Collagen  from 
diSereitt  ti^ues  has  not  cjnito  the  same  composition,  and  probably  there  are 
■everal  varieties  of  collagen. 

Ky  continaotiflly  boiling  with  water  (more  easily  in  the  presence  of  a 

ilittle  Hciil)  coJlugeti  is  conirerted  into  gelatin.     ][op)iF.iSTF.K'   found   that 

gelatin,  on  being  }ieat«d  to  1^0"  C,  in  again  tratisforined  into  roUai^cn;  and 

this  last  mar  be  considered  as  the  anhydride  of  gelatin.     Cidlagen  and 

gelatin  have  aboat  the  sanie  composition :' 

C  n          N  S-fO 

CnllHRcn SOTS  4U7  17  8S  S4.03    (HoF»ai8TBn> 

Gt-liiLlu  (rrorn  hKmlioru) 4d.8l  6.^^  1^37        29.77    (Muldbb) 

Othttiti  (rnim  txim.-*) fi0.00  0  50  17.00        'id.UJ     (FitKuY) 

Piiritii-.t  s<!laim DO.W  6.60  IS.12  {Haai.) 

Gelatin  contains  regulurly  small  amonutB  of  sulphnr  which  probably 
bdongs  to  the  gelatins  and  does  not  exist  there  as  an  imparity  from  the 
proteids.  Vax  Nauk*  haaobtaitied  a  gelatin  from  connective  tisane,  which 
had  been  digested  with  an  alkaline  pancreas  extract  {i.o  p.  m.  Na,CO,)  for 
five  dajs,  which  contained  on  au  average  0.^5fj;j  snlphar.  C.  MOkneb* 
bae  prepared  a  typical  gelatin,  with  only  0.3^  sulphur,  by  extracting  com- 
ftiercial  geUtin  for  sereral  days  with  1-5  p.  m.  csnetic  por.atili. 

The  decomposition  products  of  collagen  are  the  same  ar  those  of  gelatin. 
Gelatin  nndcr  similar  conditions  as  the  proteids  yields  amido-acids,  such  ai 
lonciu,  aapartic  and  glntaniio  actds,  bnt  no  tyrosin,  which  is  especially 
Important.  U  yields,  on  the  contrary,  large  qnantities  of  glycocoll,  to 
which  the  name  gelatin  sugar  is  given  on  account  of  its  sweet  taste.  Lyaia 
and  lysatin  have  also  been  obtaine<l  from  gelatin  by  DunniSKL  and 
E.  Fischer,  and  arginin  by  IIbdix.  *  On  putrefaction  gelatin  yields 
neither  tyrosin,  indol,  nor  skato!,*  in  which  it  differs  from  the  proteids. 
l8titl  the  aromatic  gronp  is  not  absent  in  gelatin,  and  it  octj  like  the 
oxidized  proteid,  the  oxyprotsalphonic  acid,  because  it  yields  benzoic  acid 
(Malv  '). 


>  ZetUchr.  f.  pbjstol.  Chem.,  Bd.  3. 

*  Holmeisler,  I.  c, ;  Mulder,  Anniil,  d.  Cbem.  u.  I'linrm..  Brl.  45-  Kremy,  Jnlireiber. 
d.  Cbeio..  IB^  ;  PaaL  B«r.  A.  deuUcli.  clicm.  OmcIIkIi.,  B<I.  2S. 

>  Journ.  of  Exji.  Med.,  Vol.  3. 

*  PriVAte  commuDlcatloD  from  M<^in«r. 

*  8co  DrecUsel,  Per  Abbou  dor  Eiwi-N*kOr|)er.     Du  BoIft-RertnutHl's  ArcliW,  1881 ; — 
Bedin.  Zeitschr.  t.  phyalol  CWm.,  IM   21 

*  Sl-c  liieniturc  on  Ibe  cleava^  pniducU  of  golntiti :  Drecbael  Id  Lotleuborg's  Hond- 
worlerbucb.  Ud.  3. 

1  MoDKlilicftR  r.  Chem..  Bd.  10. 
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Collagen  is  iueoluble  in  water,  salt  eolutioiia,  dilute  acids,  ami  alkalies, 
but  it  avells  up  in  dilute  acid^.  My  continnons  boiling  with  water  it  ift 
conrerted  iDto  gelatin.  It  is  liissolreJ  by  the  gastric  juice  and  also  by  the 
pancreatio  jtilcc  (trjfisin  HDlutiou)  ipheti  it  lias  previously  hoen  treated  with 
acid  or  heated  with  water  above  -|-  70^  C/  liy  the  action  of  ferrous 
aolpbate,  corrosive  sn))]imate,  or  tannic  acid,  co1]aj,'eii  shrinks  greatly. 
Collagen  treated  by  tlicse  bodies  does  not  putrefy,  and  tannic  acid  in  there- 
fore of  ^reat  importance  in  the  preparjition  of  leather. 

Oelsiin  or  glntin  is  colorlesB,  iimorphous,  and  transparent  in  thin  layers. 
It  swells  in  cold  water  without  dissolving.  It  dissolves  in  warm  water, 
forming  a  sticky  liqnid,  which  BoHdifiea  on  cooling  when  suffioicntlr  con- 
centrated. The  ijuantity  of  ash  contained  in  gelatin  is  of  the  greatest 
importance  in  the  gelatin! nation  of  gelatin  solulious,  as  ahowit  by  0.  ^'assb 
and  A.  KrjV.kr,'  namely,  a  diminished  quantity  of  ash  diminishes  the 
gelatiniKing  power. 

Gelatin  solutions  are  not  precipitated  on  boiling,  neither  by  mineral 
wiids,  acetic  acid,  alum,  lead  acetate,  nor  mineral  salts  in  general.  A 
gelatin  solution  acidified  with  acetic  acid  may  be  precipitated  by  potassinm 
ferrocyanide  on  carefully  adding  the  reagent,  tielatiu  solntions  are  precipi- 
tated by  tannic  acid  in  tho  presence  of  salt;  by  acetic  acid  and  common 
salt  in  substance;  mercnric  chloride  in  the  presence  of  UCl  and  NaCl; 
metaphospboric  acid,  pbosphoniolybdic  acid  in  the  presence  of  aoid;  and 
lastly  by  ulcnbol,  especially  when  neutral  salts  are  present,  fielalin  soln- 
tiotm  do  not  diflase.  tielatin  gives  the  binret  reaction,  but  not  Adamkib- 
iricz's.  It  gives  Mxllox's  reaction  and  the  xanthoproteic  acid  reaction  so 
Auntly  that  it  j)robably  occurs  from  an  impurity  consisting  of  proteids. 
According  to  Moukgr,  pure  gelatin  gives  a  beautiful  Mrr.Lox^s  reaction,  if 
not  too  mach  reagent  is  added.  In  the  other  case  no  reaction  or  only  a 
faint  one  is  ubtjiitied. 

By  ooiitiiniDiia  boiling  with  water  gelatin  is  converted  inton  non-gelatin- 
izing modification  called  jtf-glutin  by  Nassk.  Arcording  to  Ka&se  and 
EhCuku  the  specific  rotatory  power  is  hereby  reduced  from  —  1G7.5"  to 
about  —  13(i*.'  On  jirolouged  boiling  with  water,  e8j)ccially  in  the  presence 
of  dilute  acids,  also  in  the  gastric  or  trypttc  digestion,  the  gelatin  is  trans- 
formrd  into  gelatin  albuinoeea,  so-called  gelatoses  and  ffeiatin  pcpione^y  which 
dilTuse  luoro  or  less  rewiily. 

According  to  IIofmeistf.r  two  new  substances*  nernifflutin  and  kemi- 
eoUt'n,  are  formed.  The  former  is  insolable  in  alcohol  of  TO-SO^  and  is 
precipitated  by  platinnm  chloride.     Tlio  latter,  which  is  not  precipitated 


'  Kulinc  nmt  KwhIc!,  Verli  <j.  r«njrli|*t.  meJ.  Verclos  lu  ncfdclbcrg.  1877,  Bd.  I 

»  Ski;  Mslv-s  Jfil]n-«t.fr  .  Btl.  1». 

■  In  rccard  to  Ibe  roiailon  ot  /7-g1uiIn,  sec  Framni,  PtlDger'g  Arch.,  Bd.  08. 
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bjr  platinara  chloride,  U  aolable  in  alcohol.  CiirrrsKDEK  and  Sollet' 
have  obtained  in  the  peptic  and  tryptic  digestion  uproto-  and  a  ileuierO' 
geiatose^  besides  some  true  jieptono.     The  cleniontarj  comjioaitioii  of  the 

'geUtoees  does  not  esseuti&IIy  dilTer  rrotn  that  of  the  geUliu.  On  comjtara- 
tire  analyses  of  gelatin,  deuterogelatose  and  gelatin  peptone,  Cuittskden  ' 
and  his  pnpils  6nd  nearly  tlie  some  elementary  composition  for  the  getatla 
And  galatoee,  while  the  gelatin  peptone  was  about  'i^  poorer  in  carbon  and 

|fibouk  O.G^  poorer  in  nitrogen  than  the  gelatin.  Paal*  has  prepared 
gelatin  peptone  hydrochlorides  from  gelatin  by  the  action  of  dilute  hydro- 
chloric acid.  Some  of  these  salts  are  solnhle  iu  ethyl  nnd  metliyl  alcohol^ 
and  others  insoluble  therein.  Ttte  peptones  obtAioed  from  these  salts 
coDtain  less  carbon  and  more  hydrogen  than  the  glntin  from  which  they 
originated,  showing  that  hydration  has  taken  place.  The  molecular  weight 
of  the  gelatin  peptone  as  determined  by  Pa^l  by  Raoult's  method  wag 
200  to  355,  while  that  for  gelatin  was  878  to  9G0, 

Collagen  may  be  obtained  from  bones  by  extmcting  them  with  liydro- 
chloric  acid  (which  dissoWtis  the  earthy  phosphuteB)  and  then  carefully 
removing  the  acid  with  water.  It  uiav  he  obtained  from  tendons  by 
extracting  with  lime-water  or  dilute  alkali  (which  dissolve  the  proteida  and 
mncin)  and  then  thoroughly  washing  with  water.  Gelatin  is  obtained  by 
boiling  collagen  witli  water.  The  iinest  commercial  gelatin  always  contains 
a  little  proteid,  which  may  be  removed  by  allowing  the  llnoly  dirideJ 
gelatin  to  swell  up  in  water  and  thoroughly  extracting  with  large  qnantitlea 
of  fresh  water.     Then  dissolve  in  warm  water  anil  precipitate  with  alcohol. 

Collagen  may  also  be  purified  from  proteids  as  suggested  hy  \'an'  Namb 
by  digesting  with  an  alkaline  trypsin  solution  or  hy  extracting  the  gelatin 
for  days  with  1-5  p.  m.  canatic  potash,  as  suggested  by  Murker.  The 
typical  properties  of  gelatin  are  not  chuiiged  by  this. 

Cbosdrui  ur  usrlfUge  g«lHltn  U  only  n  mixture  of  glutia  with  tLe  sp«clllc  coiiBlituviita 
of  iho  cartlln^  uml  iLclr  tniii»furiuiUiun  prot]ucU. 

Eeticulin.  The  reticular  tissues  of  the  lymphatic  glands  contain  a 
variety  of  Obres  which  have  also  been  found  by  Mali,  in  the  epleen^ 
intestinal  mncosa,  liver,  kidneys,  and  lungs.  These  libres  consist  of  a 
■pecitil  sabstance,  roticntin,  investigated  by  SimiPRtGD.* 

Ketlcnlln  has  the  following  composition:  C  53.38;  U  6.fi7;  N  15.63; 
S  1.88;  P  0.34 ;  ash  3.27.  The  phosphorus  occurs  in  organic  combination. 
It  yields  no  tyrosin  on  cleavage  with  hydrochtohc  acid.  It  yields,  on  the 
contrary,  sulphnretted  hydrogen,  ammonia,  lysin,  lysatinin,    and   omido- 

<  Uc^fmciBtvr.  Z«ltKbr.  (.  pb^slol.  CheiD..  Bd.  3;  Cbitlendeo  aod  SoUcy.  Jouia.  ol 
PhyBiol..  Vnl.  13. 

'  Anier.  Joura.  o(  Phydul.,  "Vol.  2. 

*  Ber.  J.  dculscli.  cbem.  Ot-AeHttcli.,  Btl.  35. 

^HilII,  AbbMidl.  d.  uuitli.  pbys.  Klasss  d.  Egl.  naclia.  OvsvllMh.  d.  Wins-.  1801. 
file^rled.  Ueber  dio  ctiein.  e{e«;Dscb.  dor  rcticullrteo  Gewebe.  HnbU>9cbrift.  Leljal)^ 
1892. 
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Tal«rianic  acid.  Oa  continnona  boiling  with  water,  or  more  readily  with 
dilate  alknlleu,  reliculin  is  conrcrted  into  a  body  which  is  precipitated  bj 
acetic  iicld,  and  at  the  Kanie  time  phoBpfaoras  is  split  off. 

Heticulin  is  insolnble  in  water,  alcohol,  ether,  lime-water,  sodiam 
carbonate,  and  dilote  mineral  acids.  It  ia  dissolred,  sifter  seTeral  weeks, 
on  standing  with  cacistic  soda  at  the  ordinary  temperature.  Pepsin  hydro- 
cliloitc  acid  or  trypsin  do  not  diseoWe  it.  Bcticulin  responds  to  the  binret, 
xanthoproteic,  and  Atiamkiewicz*s  reactions,  bat  not  witli  Mit^LOJf'g 
reagent. 

It  may  be  prepared  as  follows,  acconling  to  Sieofried:  Digest  intes- 
tiual  inucos.'i  with  tryjwin  and  alkali.  Wasti  the  residue,  extract  with 
etlior,  and  digest  again  with  trypsin  and  then  treat  with  alcohol  and  ether. 
On  careful  boiling  with  water  tlio  collagen  picsent  oitbor  as  eontainiuation 
or  au  a  combinatiou  with  reticulin  is  remored.  The  thoroughly  dried 
residne  conaista  of  retionlin. 

lobtbftepidin  is  iia  orgjinlo  niibstiinM,  io  mlleil  \iy  Mr>RNKi[.'  which  occurs  Tvitb  col- 

gut>sUuce  wilii  15.9<  [iltrog»'ti  nml  l.l^siilpliur  sirRiictH  on  arcoiiiil  of  lis  pmpcrllei  miLi^r 
clu«c  tu  ulusliii.  li  is  iiifKtlvUilu  ill  (!4)Ld  nnd  but  water,  as  wi-Ll  »!■  Ui  diluLv  r.v\\\%  iind  alkii- 
liua  al  llic  ordinnry  ii-miienilun-.  On  boiliiiB  with  ihesc  it  diAtmlre*  Pepsfo  Iiydro- 
f^hlorii;  ncic],  a-i  well  itsaa  alkaliou  trypsin  Bi>lutIou.  kUo  diMoIre  it.  It  gir«B  be»uUful 
rencliouti  with  MIUod'h  rtiig^tiii.  xniitlinproleic!  reiftioii,  aoil  the  biuret  test.  At  IchhI  & 
part  of  Ilia  Hulpliiir  is  Fpllt  oS  liy  the  uciion  of  nlknK. 

SkeietLQB  ar«  a  number  of  nitrogenized  substances  which  form  tbo 

skeletal  tissue  of  varions  classes  of  invortcbratos  so  designated  bj  Khl'KEN- 

B£U4.*     These   suUstaucea   aria    cJiih'u,    spontfin^    conchioKn,    cometii,    and 

Jibroin   (silk).     Of  these  chitin  does  not  belong  to  the  proteinsnhstances,. 

and  fibroin  (silk)  is  hardly  to  be  classed  as  a  skeletin.     Only  those  so-called 

skelptins  will  be  given  that  actually  belong  to  the  protein  group. 

Spongin  forms  tlif  clilef  mns«  of  tlie  nrtiinarj-  sponge.  It  gives  no  ffclstln.  On  boil- 
ing witli  Rciiln.  according  t<i  tku  older  Btatcmeiils  it  yields  leiidn  ivnirglyroooM  aud  d» 
tyrt^Aiu.  ZALOC-ij^rrAft  claitiia  lo  iinve  ToilikI  tyroatn  and  niflo  Initalanin  and  ^lycnlanin 
{C,H|,N,0,).  Aflei  ncNDHftiiAOEN  bml  >liowii  Ujc  <icourrtuci>  of  iixifiii'  mid  linqnin* 
In  iirgnidc  Cdinlvitiiitinii  in  ditlpit^iit  Eponi;rs  and  liefiignnled  tliv  fLlbiini'iiid  contaiolnr 
(wiicc.  iadoipoiiffin.  IIahack  '  lincr  inolmcd  from  tlie  ordinnry  snoogt.  by  clenvagit  witfi 
iiiimnil  Jk<iilf>,  n>i  tiii1i'!*]ioiigiii  wbir.li  t^icitfiiiK-d  about  9}  Kidine  niiil  4.&S  sulphur. 
Oonoldolin  ia  fonnd  in  Ibv  sliclln  of  miifi«eU  iind  STiiiiln  mid  nlun  in  tbe  cgj;>(il)el1)  of  ibcse 
aiiiiuiild.  ItjiLvhU  leuciu  but  no  tyroiiu.  Tbe  ByMiu  coiitaius  a  siibslAniv,  closely 
Tvlaled  toconcblolin.  vrliicli  Isaoliible  with  difllciiUy.  Corntia  forma  ibc  nxiiil  ajEtctn  of 
tlie  AullpHtbea  and  Oorgonia.  It  civoa  leucin  noA  a  crysialHzable  inik«ianci'.  tvmirry*. 
taltiii.  AcL-urdiiig  la  Oi{|xiiSKii  *^  tliu  a^iial  syolctn  of  llie  j^rjittiiiia  n.'avolint  coninin 
nearly  8*  of  tbe  dry  Bubatancc  in  ioilinc.  The  iodluo  occiirs  m  orranlc  combinatiou  witli 
n  iodized  aWmvatm.  gorffonin,  wlilch  U  n  eorncin.  DnRCniiKr. 'obtained  leucin.  tvrn«!o. 
ly«in.  nm  moil  la.  nu<lnn  Iodized  amidoncld,  iniogorgoui^  neid,  wlitrii  liai  Uie  com  position  of 
n  mnnoiodo.amiclo  biitync  uuid.  as  c1t^i\viig«  producU  of  Kurcoiiiu.  Fibroin  nnd  Sarlda 
lire  the  two  chief  ronailmenis  of  mw  tilk.  By  tUc  lu-iUm  «f  Enpfrbentefl  wntfr  the  wrlrtn 
dIsaoWe»andg«lalIulusou  cooliug(silkgeliitm).  while  the  uiorv  dlfflciiUly  soluble  fibrmii- 


'  Zcliftcbr.  f.  pbyiiiol.  Cliem..  Rl.  24, 

*  Unindnltge  eliier  vergl.  Pbyalnl.  <l.  tliler.  OerOsUubst.     Ilifdelber^.  1885. 

*  Zalocoilai,  CompL  rend..  Tome  107  :  Iltindesbagvo,  Maly's  Jahresber.,  1895;  Bar- 
Back,  Zeltsclir.  f.  pbyHiol.  Client.,  Bd.  34. 

*  Zdtsclir.  f.  BEologle.  Bd.  S3. 
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reniNlii*  umUssnlvod  lo  tbe  stupe  nf  Ihe  nrig!nnl  fll>r«.  On  boiling  with  Bcid  tbc  dbroin 
jlems  nUiiiii  (Wkyi/i.^IvcucoII,  adiI  n  grmi  dvnl  of  ijroclti.  rjbroju  indiMuilTt^d  ino<li) 
iiiiRt-iiiiitit-)!  liyitriii'lilciiir  nciil  Willi  Hit-  fxplusEuii  f)(  1%  nirn<^i  n«  ftminnnin.  ittnl  fi  ii 
i-ouvoleil  into  amitlieT.  nearly  r«latei1  ttubaunco  CHUIrd  »frico*n  (Wbyl).  Seijciii  jidtlx 
no  f^lycocull.  tiiiL  luuciu  m\titfrin  (niniil(H:tliylcnlacLic  acid).  Tlie  com(>t»!l1on  of  ibe 
Nbovc-nicolionocl  bo«II<-ftisa«  follows):* 

C            H  N  8            O 

CuiichloHo  {frona  fDa!I<«;es)  SO  92  0  i<3  17.96  0.81  94.84  (KitCKKNiiKKc) 

tipmiriu 46  50  6.30  16  iQ  0.5  27.50  (Ckouckkwitt} 

48  75  « M  16.40  (POMRt.T) 

(Nimdu 4896  6.90  16.B1  ....  28.8S  iKhikenhkro) 

Hlm.in ...  48.3«  6.^7  1S.81  ....  27.10  (Cramkh) 

-'      4b.30  6.60  19.20  ....  26.00  (Vignon) 

Serieiti 44.33  6.18  18.80        80.30  (Ciiambh) 


ApiMitidix  to  Clinptcr  II. 

A.   PR0TAHIK8   AKD  HI8T0H6. 

FrotamiDS,  In  close  relatiooship  to  the  proteitlB  stands  a  groap  of  sab- 
stancoft,  the  protamins,  discovered  bj  Miesciier,  which  are  desigaated  by 
KossEL  as  the  simplefit  prot«ids  or  as  the  nacleuB  of  tbe  proteio  bodies. 
They  correspond  lo  the  proteids  in  that  they  give  the  three  basic  bodies, 
IjBin,  arginlo^  and  liistidin,  on  clear&ge  but  differ  from  the  protoids, 
amongst  other  things,  ia  not  yielding  any  amido-acids  as  cleavage  products. 
Rl'I'I'kl'  has  found  that  the  watery  extract  of  finely  divided  tnbercle  bacilli 
vhcn  faintly  alkaline  or  complotely  neutral  has  the  property  of  precipiUtiug 
certain  proteida  from  their  solution.  This  property  ia  dependent  upon  a 
substance  precipitablo  by  acetic  acid  which  he  considers  as  a  combination  of 
a  protamin  iuberculosamin  with  a  nucleic  acid,  tubtrculinic  acid.  Free 
nncleic  acid  exists  in  the  watery  extract,  althongh  tlie  reaction  is  faintly 
alkaline  or  neutral  (?). 

Protamin  was  discovered  by  MiE.scnER'  in  aalmon  si>ermatozoa.  Lat«r 
Ko&SEi.  isolated  and  studied  similar  bases  from  the  flpermatozoa  of  herring 
and  sturgeon.  As  all  these  bases  are  not  identical,  Kusski,  nrses  the  name 
protamins  to  designate  the  group  and  calls  the  individual  protamins 
sa^nm,  c/m/wi'h,  and  sturin,     Kikajeff'  has  prepared  a  protamin  from 


'  Bcr.  A,  iletitHcli.  client.  OesvIIscb.,  Ud.  21. 

*  Knik'.Dlwrg.  Ber.  d.  deiiiBcli.  cliein.  GeicllKb.,  Bdd.  17,  18.  and  Zcltschr.  f. 
Btoluglc.  Ikl.  2S  ;  Croockewltl,  Aniial.  d.  Cliem.  u.  Plinrm.,  lid.  48  ;  Powcit,  ibid.,  Bd. 
45;  Cnuncr,  Joum.  f.  pnkt.  Chem.,  Bd.  98 :  Vf^oa,  Compt.  read.,  115. 

*  Zeltscbr.  f.  phy»iul.  CLcm  .  Bd.  26. 

*  In  rcgnrd  to  prutamlos,  kco  Hle«cttor  lu  tbc  blAo-cbetnlcal  and  physiological  works 
or  Tt.  Hlmchcr,  Leipzis.  1897 ;  Plrcurd,  Bvr.  d.  deiiUcb.  cbcm.  OpMllscb.,  Btl.  7 ; 
Scbniiedeberg.  Arcli.  f.  eip.  Putb.  u.  Pb&rm..  Bd.  S7 ;  Eoastil,  Zviiscljr.  f.  pliyhiol. 
Cfaem..  Bd.  92  (L'eb«^r  din  buftcben  Stoffe  des  ZellkeruB)  and  B<1.  2.1,  S.  165  and  190, 
aitd  £^iu<iU);9lter.  d»r  GeseUscb.  &ur  IlefOrd.  der  get.  >'alurwiu.  zu  Marburg,  1897  ; 
Eowtel  nint  Malliewt,  Zeilu-hr.  f.  [>hy8iol,  Chcm..  Bd<L  28  and  3A. 

*  Ztitschr.  f.  pby^ol.  Cbem..  Bd.  20. 
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tlie  eperniatOKoa  of  mackerel,  which  he  calls  scomhrin,  vbich  stAnde  close  to 
ctu]ieiTii  (or  atklmin),  but  is  not  Identical  therewith.  Tha  Bimpleat  formula 
for  the  sulphate  is  C..H,>'„ 0,211, SO.. 

The  protamins  are  snbataucee  rich  in  nitrogen  (30^  N  or  more)  of  a 
boBic  natnre.  Salnun^  which  is  itlentical  witli  clupeiii  (Kdbsgl),  has  the 
fonnuLa  C',.il,,^\0,,  according  to  jVIiescueh  and  SciiiiiEOtuEBU,  and 
C„n„N„0, ,  ttccordiog  to  KossEL.  Sturin  haa  probably  the  formnlR 
O,JT„\„0,.  These  statements  of  Koasel  as  to  the  comjmsition  of  cliipein 
(or  salmin)  liave  been  foniid  incorrect  by  recent  in  res  ligation  a  of  the  sume 
aathor.  On  heating  with  diluto  mineral  acida,  as  also  by  tryptic  digestion, 
the  protamins  first  yield  protamin  peptone,  jirotone,  from  wliicli  the  three 
bases,  Ijsin,  argjnin,  and  histidin,  are  derived  on  further  cleavage  (Korrei, 
and  Matuewb).  A  molecule  of  sulmin,  according  to  Kossbl,  yields  a 
molecnle  eacli  of  liietldin  and  lysin  ht^eides  tbret^  molecules  of  iirgitiln. 
Sturin,  on  the  contrary,  yields  one  molecule  histidiu  besides  three  niolecnles 
arginin  and  two  molccalca  lysin.  Neither  lysia  nor  histidin,  bat  only 
arginin,  occars  iu  clnpein,  which  h  nlao  true  for  scoinbriii.  The  other  con- 
stituents of  the  molocnlo  of  these  protamins  are  still  unknown.  Kossei. 
was  able  to  detect  a  body  with  the  compoaitiou  of  umido*valenaiuc  acid  in 
clupeiii.  VTe  must  wait  for  further  eliioiilntion  m  to  tlie  mUiire  of  the 
protamiuB  before  we  can  give  auythiiig  jioKltive  as  to  the  reliitionship  of 
these  bodies  to  the  protein  substauces. 

.SoUitions  of  thcBo  bases  in  water  are  alkuline  and  have  the  property  of 
giving  prcni]iitate8  with  ammonianul  solutions  of  prnteids  ur  primary 
all)umo8e8.  These  precipitates  are  culled  liistous  by  Korrei,.  The  salts 
with  mineral  acids  are  solnble  in  water,  bitt  ineolnble  iu  alcohol  and  ether. 
They  ore  more  or  less  readily  precipitiited  by  neutral  salts  (NaCI).  Among 
the  suits  of  the  ]>rotamin5  the  6ut}>hate,  picrate.  and  the  double  platinum 
chloride  are  the  most  important  and  are  need  in  the  preparation  of  the 
protamins.  The  protamins  are  like  the  proteids,  iH^vogynite.  T!iey  give 
the  binret  test  beautifully,  but  not  Mii.i.on'\s  reaction.  Tlio  protnmln  sails 
are  precipitated  in  neutral  or  even  faintly  alkaline  solutions  by  phot-pbo- 
tnngstic  acid,  tnngstic  acid,  picric  acid,  chromic  acid,  and  alkali  ferro- 
cyanides.  The  two  protamins  salmin  (clnpein)  and  sturin  differ  from  each 
other  chiefly  by  a  different  composition,  different  solabillties,  and  somewhat 
different  behavior  of  the  sutpliate. 


The  protamins  are  prepared,  according  to  Kossel,  by  extracting  the 
heads  of  the  spermatozoa,  which  hare  previously  been  extracted  with 
alcohol  and  ether,  with  dilute  sulphuric  acid  (1-2^),  filtering,and  precipitat- 
ing with  4  vols,  of  alcohol.  The  sulphate  may  be  puriiled  by  re[>eiited  solution 
in-waterand  precipitation  with  atcoliol,  and  If  necessary  conversion  into  tho 
picrate.  Miescder  extracts  with  very  dilute  hydrochloric  acid,  nentratizea 
the  excess  of  acid,  and  precipitates  the  base  os  tho  double  platinum  salt. 
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As  »boT«  remBrked,  Kossex  contiden  the  protamitu  u  toe  simplest 
protaids.  If »  aa  is  thm  far  geoerallj  the  esse,  we  oaly  conrider  snch  bodi«a 
trafl  protein  BnbataDces  which  on  decomposition  not  onlr  yield  b«sic  bodies 
bat  also,  and  chiefly,  monamido-acid*,  we  sre  rather  inclined  to  consider, 
with  KoBSBf.,  the  protamiiui  ma  the  nnclena  of  the  proteidi,  so  as  not  to 
entirely  destroy  onr  conception  of  protein  lKKlie«.  Still,  before  we  admit 
thifl,  the  two  following  conditions  mast  be  eincidated:  1.  It  ronst  be  shown 
that  all  protein  snbetanoes  yield  the  three  protamin  bosas  as  cleaTsge 
prtMiiictji,  a  fact  which  has  not  been  quite  i>o9ttiTeir  ronflrmed  (see  Klastin). 
While  Hp.I'In' and  Ukkoh  *  coold  not  find  either  lysin,  arginin,  or  histidin 
among  the  cleav&ge  prodncts  of  elaatin,  still,  on  the  coDtrarr,  Kossel  and 
KlTsrifEKMiave  been  abli*  to  detect  a  very  smsll  nmouiit  of  ar^nin,  0.3^, 
in  the  cleavage  prodncts  of  this  albamoid.  In  fibroin,  <I.  Wetxbi,*  coald 
either  not  detect  any  or  only  rery  inconsiderable  qaantities  of  basic  nitrogen. 
0.9:<  of  the  total  nitrogen.  Conchiolln  yielded  S.GOi  ot  the  total  nitrogen 
RS  baeic  nitrogen.  Among  the  docnmposition  prodocta  Wetzel  fonnd  % 
sabstaoee  whoM  hydrochloride  shewed  the  same  cryitalliintiou  as  htstidin 
hydrochloride^  but  had  a  different  melting-point,  "i.  We  mast  obtain 
furtlier  explanation  in  regard  to  the  nioteciilar  weight  of  peptones^  for,  as 
the  thioj;  stands  at  present,  the  proteid  peptone  as  well  as  the  gelatin 
peptone,  which  aro  generally  considered  as  proteids,  hare  a  lower  molecniar 
weight  ('^50-400)  than  the  protamina  (salmin  75L  and  starin  &Tv«,  according 
to  Kossrl). 

Eiston  is  the  namo  given  by  Kossel*  to  a  snhatanoe  isolated  by  him 
from  the  red  corpnsclM  of  goose-blood.  It  is  similar  in  certain  beharior  to 
the  peptones  in  the  old  sense  (the  albnmoses).  This  histon  has  the  sama 
amount  of  carbon  and  hydrogen  as  ordinary  proteid,  bnt  contains  somewhat 
more  nitrogen,  about  18i<.  When  prepare<lt  as  snggested  by  KossKi.,  from 
blood-corpuscles  by  extraction  with  hydrochloric  acid,  precipitation  of  tlie 
acid  solution  by  rock  salt,  and  dialyziition  until  free  from  stilt,  it  giros  tho 
three  following  characteristic  reactions  in  nentral,  salt-free  solution: 
1,  The  solution  does  not  coagulate  on  boiling.  2.  With  ammouia  the  ealt- 
frce  solntiun  gives  a  precipitate  insoluble  in  an  excess  of  the  aninionio. 
3.  Nitric  acid  cansed  a  precipitate,  which  disappeared  on  warming,  aud 
raappearod  on  cooling. 

Later  liodietj  have  Iteen  describeil  as  liistnus  whit^h  ehow  a  difTeretit 
behavior  in  one  way  or  another.     Liliknfei.i>  has  prepared  a  hlaton  from 

*  Zcir<iclir.  f.  phyalol.  Chom.,  Bd.  3S. 

*  ibid.,  ltd.  23.  8.  SSI. 

*  Aid  ,  IW   96. 

*  KuMcl.  ^itaclir.  f..pbyriol.  Cliem.,  Bil.  8.  Nnd  SilziiDg«ber.  ditr  OeM-llneli.  xur- 
BtfOn).  d.  ge«.  WInenMh.  zn  Marburg.  \m'  ;  TJIlenreltl.  Zducbr.  f.  phynlol.  Clicm.,. 
Bd.  16;  Scbiilz.  OM..  Bd.  24  :  Malbcvs,  ibid..  Hd.  2S. 
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leucocytes,  whose  solution  congnl&t«d  on  boiling,  jieltliog  a  coagulnm 
roBdily  soluble  iti  mineral  acidB.  This  hi^toik  noted  like  Kossel's  histon 
wilh  nmmonia.  Rciiri-z  conaiders  the  iiroteiJ,  globiu,  set  free  on  the 
cloarago  of  htfiiiogtobin,  aa  a  histon,  although  it  is  ixtremely  soluble  in 
amniotiia  aiul  does  nut  dissolve  in  an  excess  of  ammonia,  only  in  the  presence 
of  ammoiiinm  chloride.  JIathews  hoa  iaolated  a  body,  which  he  calls 
arhacin^  from  the  epermatozoa  of  the  sea-nrchirh  (arhacia),  and  which  he 
considers  ae  i\  histon,  bnt  which  differs  from  the  other  histona  in  that  it 
cauuot  be  precipitated  by  ammonia.  The  neutral  solution  of  this  histon  is 
precipitated  by  the  above-mentioned  (page  00)  protumiu  precipitatants. 
It  has  not  been  shown  hov  the  other  BD-caUod  liistons  act  with  these  pre* 
oipitants. 

It  fteems  that  bodies  of  Taricns  kinds  have  be«n  described  aa  bistorts, 
therefore  the  author  does  not  feel  justified  in  giring  a  clear  and  precise 
deEinition  of  histon.  According  to  Kossel  the  histons  are  probably  com- 
binations of  protamins  and  proteid. 


B.  Htbeolytic  Cleat  age  Fboducts  of  the  Proteih  StrBSTAHCES.' 
1.  Monamido  Acids. 


LeTicln,    C,\n ^,X 0, ,    or   a m t  i)o-i;Arr(ou:    aci d,   more    recently 


called 
«-amido-i8obulylacetic  acid,  (CII.),CH.Cn,.Cn(NH,}.COOH.  liencin  ia 
formed  not  only  in  the  trypsin  digestion  of  proteids,  but  also  from  the 
protein  substances  by  their  decomponjition  on  boiling  with  diluted  acids  or 
alkalies,  by  fusing  with  alkali  hydrates,  and  by  patrefuction.  BecftQH  of 
the  ease  with  which  leacin  and  tyroain  are  formed  in  the  decomposition  of 
protein  etibstancea,  it  is  difficult  to  positively  decide  whether  these  ItodieB 
when  found  in  the  tiasacs  are  cooBtitaents  of  the  liTing  body  or  are  only  to 
be  considered  as  decomposition  products  formed  after  death.  Lencia  has 
been  found  as  a  normal  constituent  of  the  pancreas  and  its  secretion,  in  the 
spleen,  thymna,  and  lymph -glaiids,  in  the  thyroid  gland,  in  tho  salivary 
glands,  in  the  kidneys,  brain,  and  liver.  It  also  occurs  in  the  wool  of 
sheep,  in  dirt  from  the  skin  (inactive  epidermis)  and  between  the  toes,  and 
its  decomposition  products  have  tho  disagreeable  odor  of  the  perspiration  of 
the  feet.  It  is  found  pathologically  in  atheromatous  cysts,  ichthyosis  scales, 
pus,   blood,  lirer,   and  nrine  (in  diseases  of  the  liver  and  phosphoma 

'  As  It  U  not  witliin  llie  scope  of  tbU  work,  wo  Okonot  enter  Into  detnits  in  regHnI  lo 
•11  lUc  cloavaico  prudiicts  of  ibu  ]tniii-iii  in1iistnue«s.  Time  mnj  be  found  fo  liandbooks 
of  obemistt}'.  For  this  reason  (he  most  importaot  cleavage  products  of  ptoleids  will  be 
^T«u  til  the  appendix  to  the  protein  substunccs.  carnic  acidnad  peptones  having  already 
bwu  dcBcribeii.  For  pmrticAl  r^nsoux  iLe  two  kmido  acids,  leucin  and  tyrostD,  wHi  be 
treated  of  together,  althongli  It  would  le  more  theoretically  correct  lo  treat  the  adds  of 
tbe  aliphatic  and  oromatic  seriea  separately. 
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poUoaiDg).  L«ucm  occun  ofMn  in  invertebrates  aod  also  in  the  plant 
kingdom.  On  liytirolytic  cleaTage  varions  protein  siiltetanccs  jield  different 
amonntfl  of  lencin.  Eblekupyeb  and  ScnuFFER  obtained  30— io;^  from 
tlie  cervical  ligament,  Coun  32,<  from  casein,  and  Nencki  l.&--ijt  from 
I  gelatin.' 

Lenoin  has  been  prepared  synthetically  by  ITOpjcer*  from  isoTaleralde- 
bydo-ammonift  and  hydrocyanic  acid.  This  lencin  is  optically  inactive. 
Inactive  lencin  may  aUo  be  prepitred,  tis  shown  by  £.  Scuvlze  and 
BossHABD,'  by  the  cleavage  of  proteida  with  baryta  at  IfJO'^  C.  or  on  heating 
ordinary  lencin  vrith  baryta-water  to  the  same  temperature.  The  laevo- 
rotatory  modification  may  he  formal  from  the  inactive  lencin  by  the  action 
of  penicillnm  glatioum.  The  lencin  obtained  in  the  pancreatic  digestion  of 
proteids,  as  well  as  in  their  cleavage  with  hydrochloric  acid,  seemsalwuys  to 
be  the  dextro-rotatory  variety.  Coun  *  has,  however,  obtainod  a  lencia 
differing  from  the  onlinnry  lencin  in  tho  tryptic  digestion  of  tihrin. 
Hdfnkr  lias  jirejiared  an  isomer  of  leuciu  from  moiiobromcaproic  acid  and 
ammonia.  ]t  is  a  f)U02tion  whether  there  exist  natural  leucins  correspond- 
ing to  normal  caproic  acid.  On  oxidation  the  leucine  yield  the  correspond- 
ing oxyacida  (lencinic  acids).  Lencin  is  decomposed  on  heating,  evolving 
carbon  dioxide,  ammonia,  and  amylamin.  On  heating  with  alkalies,  as  also 
in  putrefaction,  it  yields  valerianic  acid  and  ammonia. 

Leucin  cr)'stBHize3  when  pare  in  shining,  white,  very  thin  plutca,  usnally 
forming  round  knobs  or  halls,  either  appearing  like  hyalin  or  alternating 
light  or  dark  concentric  layers  which  consist  of  radial  groups  of  crystals. 
Lencin  tm  obtained  from  the  animal  fluids  and  ttaaues  is  very  easily  soluble 
in  water  and  rather  oaaity  in  alcohol.  Pure  loucin  is  snluhle  with  dilViciiltv; 
according  to  certain  statements  it  dissolves  in  about  '^9  parts  of  water  at 
ordinary  temperatures  or  little  higher,  and  according  to  others  in  40  parts. 
This  difference  may  be  dne,  according  to  (imklis,'  to  tho  fact  that  tlio 
optically  active  leuoiaa  may  be  variable  mixtures  of  tlie  dcxtro-  und  la>vo- 
rotatory  modifications.  The  inactive  leucin  is  most  insoluble.  The  spacifio 
rotation    of    the    ordinary    leucin,    dissolved     in     hydrochloric    acid,    is 

Leucin  is  readily  soluble  in  alkalies  and  acida.  It  gives  crystalline  com- 
poands  with  mineral  acids.     If  hydrochloric  acid  leucin  is  boiled  with 


'  Erk-nnieyer  anil  Scliflffer,  dicil  from  Maly,  Chem.  d.  Vertlauuojjseiirip,  In  Her- 
iimDu's  liaiidb.  d.  PtiynloL.  Uil.  5.  Tlieil  2.  S.  20d ;  Cobn.  Zeltschr.  f.  pliyslol.  Clem., 
U-l.  S2;  Ncnckl,  Joum.  f.  pmkt.  Chi;m   (N.  V,),  Bd.  15. 

»  J.iiirn    t.  pmkl.  Cbcm.  (N.  F.>.  Bd.  1. 

»  ^vt  SSeilschr,  f.  physlol.  Cbcm..  Bdc!.  0  ro<I  ID. 

*  Uopiw-tieyler's  Huidbucb,  6.  AutL,  S.  131,  and  Cohn,  ZeitBcbr.  f.  pbyriol.  Cbem., 
Bd.SO. 

•Zelisobr.  f.  pbrilol  Chem.,  Bd.  18- 
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nlooliol  containing  3-4;^  IlCl  long  nanrov  crystalline  prisrns  of  hydro- 
chloric  acid  leuciiiethylester  melting  at  134°  are  fortneil.  On  slowly  heating 
to  170°  0.  it  nielta  and  eublimett  in  wliite,  woolly  flaked  wliich  are  similar 
to  Bubliiiied  zinc  oxide.  A  marked  odor  of  amylamiii  la  generated  at  tbo 
giiine  time. 

The  Bolation  of  leacio  in  water  is  not,  as  a  rnlc,  precipitated  by  metallic 
salta.  The  boiling-hot  aolutioD  may,  howoTer,  be  precipitated  by  a  boiling- 
hot  Bolntion  of  copper  acetate,  and  tbis  ia  made  nae  of  in  separating  leucin 
from  other  snbBtances.  If  the  solution  of  leiicin  i8  boiled  with  sngar  of 
leiul  iind  Iben  aniTnoiiia  be  added  to  the  cooled  solution,  sbiTiing  cryetalline 
leaves  of  leucin-leiid  oxide  sppunite.  Lencin  dissolrea  copi)er  oxyhydmte 
but  does  not  reduce  on  boiling. 

Leucin  ia  recognized  by  the  uppearance  of  the  balls  or  knobs  nnder  tLe 
microscope,  hy  its  action  when  heated  (sublimation  teet),  »nd  by  Sciikkkh^s 
test.  This  last  consists  in  the  lencin  yielding  a  colorless  residae  vrhea 
carefully  evaporated  with  nitric  acid  on  platinuni-foil,  and  thiti  residae 
■when  wnrmed  witli  a  few  drops  of  caustic  poda  givea  a  color  varying  from  a 
palo  yellow  to  Lrown  (depending  on  the  purity  of  the  lencin),  and  oa 
further  concentrating  over  the  flame  it  ngglomeralea  into  an  oily  drop  which 
rolls  nbotit  on  the  foil. 

Tyrosin,  C,II  ,N0„  or/j-osYPHENTL-AHiDOPRopiOKic  Aciu,  nO.C,n,.- 
C,1I,(\II,).C'00II,  is  derived  from  most  protein  substances  (not  gelatin 
and  rcticuliu)  under  the  same  conditions  iis  letifin,  which  it  habitoally 
Bcconi]niQica.  From  genuine  proteids  such  as  casein  •1-4^,  from  horn  anh- 
stanre  l-.*)^,  from  elaatin  0.25^,  and  from  llbroin  about  6,it  have  l>een 
obtiiined  by  Wfyi.  and  others.'  It  is  especially  found  with  leucin  in  large 
quantities  in  old  cheeee  (Tupos),  from  whifh  it  derives  its  name.  Tyrosin 
has  not  with  certainty  heen  found  in  perfectly  fresh  organs.  It  occurs  in 
the  intestine  in  the  digestion  of  iilbnniinous  substances,  and  it  has  aboafc 
the  same  physiological  and  pathological  importance  as  leucin. 

Tyrosin  was  prepared  by  Erlekmeyer  and  liipp*  from  p-amido- 
phenyhdanin  by  the  action  of  nitrons  acid.  On  fusing  with  caustic  alkali 
it  yields  p-oiybenzoic  acid,  acetic  acid,  uiid  ammonia.  On  jmtrefaction  it 
msy  yield  phydrocoumaric  acid,  oxyplienyl-acetic  acid,  and  |)-creeol. 

Tyrosin  in  a  very  impure  state  may  he  in  the  form  of  balls  similar  to 
leuciu.  The  purilied  tyrosin,  on  tlio  contran',  appears  as  colorless,  silky, 
fine  needles  wtiich  are  often  grouped  into  tufts  or  balls.  It  is  soluble  with 
difllcuUy  in  wiiter,  being  dissolved  by  2i54  parte  water  at  -f  ^0*  ^'  and  154 
parts  boiling  water,  separating,  however,  as  tufts  of  needles  on  cooling.     It 


'SceMttiy.  1.  c.Bd.  5,  TUell  S.  S.  2lS :  It.  CobD.h  c:  Weyl,  Ber.  d.deatKb.chenL 

Ocwllw:!!..  lid.  91. 

-  Der  il.  dtaiach.  ctaem.  QesellKli.,  Bd.  IS. 


~^'  more  easily  in  the  preaeuco  of  alkalies,  ammonia,  or  a  miDeral  acid. 
It  13  diRicultly  Bolublo  in  acetic  acid.  Crystals  of  tyroein  separuto  frrnn  an 
am  moil  local  solution  on  the  spoutaneons  eraponition  of  tlie  ammonia.  Tho 
Bolation  of  the  tyrosin  obtained  from  protein  substances  by  the  action  of 
ucids  has  always  a  faint  Iwvo-rotatory  jujwer.  Tyrosin  prepare*!  synthetically 
QF  by  decom{>oflilion  of  iiroteids  by  baryta  is  optically  iiiuctire.'  Tyroeiti  ia 
not  Bolable  in  alcohol  or  etlier.  It  ia  identified  by  it«  crystalline  form  and 
by  the  following  reiictioiis: 

PiRrA's  Test.  Tyroein  is  dtasolTed  in  concentrated  snljihiiric  acid  by 
the  aid  of  heat,  by  which  tyrosin-sulphnric  acid  Is  formed;  it  h  allowed  to 
cool,  diluted  with  wut«r,  neutralized  by  BaCO, ,  and  liltfrcd.  On  the  addi- 
tion of  B  solution  of  forrie  chloride  tho  filtrate  gives  a  Iwaiitifnl  ricilet  color. 
This  reaction  is  distnrbed  by  the  presence  of  fre*  mineral  acitU  and  by  the 
addition  of  too  moch  ferric  chloride. 

UopMAXx's  Test.  If  eotne  water  is  pourod  on  a  small  qnantily  of 
tyroeia  in  a  test-tiiba  and  a  few  drops  of  Mii.lok's  reagent  added  nnd  then 
the  mixture  boiled  for  some  time,  the  liquid  becomes  a.  Itenntifnl  red  and 
then  yields  a  red  precipltjite.  ^lercuric  iiitmto  may  fir^t  be  iidded,  Uien, 
after  thi»  hiL<t  boiled,  nitric  acid  cnnlaininEr  sonie  nitrons  aim\. 

Schkbhh's  7V.f/.  If  tyrosin  is  carehilly  ovaporatod  to  dryness  with 
citric  acid  on  plutiriiini-foil,  ubeatitifnl  3'ellow  residue  (nitro-tyrosin  nitrate) 
is  obtained,  which  givoa  a  deep  reddish'Tollow  color  with  caustic  soda. 
This  test  is  not  characteristic,  as  other  bodies  giro  a  similar  reaction. 

Lencin  and  tyrosin  may  bo  proptirod  in  largo  fjimntities  by  boiling 
albomiuoua  bodies  or  albuminoids  with  dilute  mineral  acids.  Ordinarily 
we  buit  boof-tilmvings  ('i  jiurtx)  with  dJluto  Bulpbtiric  acid  (•'i  parts  cuncen- 
trated  acid  and  13  pjrti  water)  for  'H  hours.  After  boiling  the  solution  it 
ia  diluted  wiili  water  and  uetitniliKei)  wliilo  still  wtiriti  with  milk  vt  lime  and 
then  filtered.  The  calcium  aulphuie  is  repeatedly  boiled  with  water,  and 
the  several  filtrates  are  united  and  coiieentnited.  The  lime  is  ]>rccipitatcd 
from  the  concentrated  liquid  by  oxalic  acid  and  the  precipitate  Ultercd  off, 
re)iedtedly  boiled  with  water,  all  filtrates  united  and  evaporated  to  cr}'Btal- 
lizution.  What  first  crvstallires  consists  cliietly  of  tyronin  with  ordy  a  little 
lentin.  By  concentration  a  new  crystallization  may  be  produced  in  the 
iriollier-liquor,  which  consieta  of  lencin  with  eome  tyrosin.  To  separate 
Icucin  and  tyrosin  from  eucli  other  their  different  solnbilities  in  water  may 
be  taken  adrautage  of  in  preparing  them  on  u  large  scale,  but  8urcr  and 
better  results  are  obtained  by  the  following  method  of  IIlasiwetz  aiLd 
lIjiUERHANK.*  The  crystalline  muss  is  boiled  with  a  large  quantity  of 
water  and  enough  ammonia  to  dissolve  it.  To  thin  boiling-hot  solution 
enough  basic  lead  acetate  is  added  until  the  precipitate  formed  is  nearly 
white;  now  filter,  heat  the  light  yellow  filtrate  to  lioiiing,  noutrali^e  with 

'  Bee  Mautlioer,  Wien.  Sflzungatwr.,  Ud.  Si,  aud  E.  Sokulze,  Zeitscbr.  f.  pbysiol. 
Cliem..  Bi].  9. 

*  Amis).  1).  Chem.  u.  Pharm.,  Bti.  100.  S.  ISO. 
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ealpUuric  acid,  and  filter  while  boiUng  hot.  After  cooling,  noarlj  all  the 
trrositi  i.s  prec^ipiLateil,  wliilo  tlio  Icncin  Tonmhifl  in  the  >?o1iitioi).  Tlio 
tyroBin  may  be  paritied  by  recrystalliziiig  from  boiling  water  or  from 
amnioniocal  water.  The  aI»o  re- men  tinned  tnother-Iiqnnr  rich  in  lencin  is 
treated  with  U,S,  tbe  filtrate  concentrated  and  boiled  with  an  exct^cs  of 
freshly  i>rccii)itated  copper  oxyliyrJrnte.  A  part  of  the  lonctii  is  precipitated, 
and  the  residue  runiainti  in  the  solution  and  partly  cryi%tnltizes  as  a  c-nprous 
compound  on  cooling.  The  co]*per  is  removed  from  the  precipitate  and 
flolution  by  meaoB  of  1I,S,  the  filtrate  decolorized  when  neceeearv  with 
animal  charcoal,  Btrongiy  concentrated  and  allowed  to  crj-stallixe.  The 
lencin  obtained  from  the  precipitate  is  (jnite  pnre,  while  that  from  the  dela- 
tion isBouiewhat  contaminated. 

If  one  18  working  with  small  cjnantities,  the  orvstalu,  wliicli  consist  of  a 
mixtnre  of  tbe  two  bodies,  may  be  dissolved  in  water  and  this  RoUuion 
preci]iitated  with  basic  lead  acetate.  The  filtnite  is  treated  with  1I,S,  the 
new  filtrate  ovaporatod  to  dryness,  and  tbe  residno  treated  witli  wann 
alcohol,  which  dissolves  tbe  lencin  but  not  the  tyrosin.'  The  remaining 
tyrosin  is  jmrified  by  recrystnUiziitioii  from  ammoTiiacjd  alcohol.  I<e[icin 
may  be  porified  by  recrystailization  from  boiling  alcohol,  or  by  precipitating 
it  as  lencin  lead  oxide,  treating  tlie  prei^ipitsite  suspended  in  water  with 
11,8  and  evaporating  the  filtered  Bolution  to  crystallization.  In  purifying 
crude  leucin  KOiuianx'  prepares  tbe  hydrocldoric  acid  compound,  and 
purifies  by  solution  in  a  little  water,  and  reorystailixes  by  cooling  the  solu- 
tion, and  from  these  he  prepares  the  hydrochloric  acid  leucinotbyl  ester. 

To  detect  the  presence  of  lencin  and  tyrosin  in  animal  fluids  or  tissues 
the  proteids  must  first  be  removed  by  coagulation  with  the  addition  of 
acatic  acid  and  then  j^ecipitated  by  baaio  lend  acetate.  Tlie  filtrate  is 
treated  with  II,S,  this  filtrate  evaporated  to  a  sirnp  or  to  dryness,  and  the 
two  bodies  in  tbe  residue  are  separated  from  each  otlier  by  boiling  alcohol 
and  then  purified  as  above  stated. 

Olyeoeoll,  or  nmiily-acpticncUl.  This  Bctd  hn»noll»ecn  oblaineil  ns  a cleavnge  produce 
of  Irui!  iinilfkiH,  but  Oiily  in  llie  cl>cnrngeijf  grlatin  and  olher  nltuiiijuoids.  ABgfycucoll 
Is  of  prcattT  inlert'St  as  b  t-leiivuge  jtrtiduci  of  jrlycocliolEc  acid  and  certain  otiicr  coaju- 
galed  arid».  it  will  lt«  ireateO  of  tu  Cliapier  Vlil. 

Alaaln.  CH^NO, .  or  aaiiiidu  im^piouic  acid,  CH,.GH(NH,)C0OH,  hue  liei'ti  <Ji- 
iniucil  liy  Wevi.'  m  n  clcavngc  product  itf  fibroin  fiom  raw  Mlk.  fV****"- "ccurriiig 
occnsioiially  in  Hit:  urin^*.  it  comtklereil  iis  ii  ilerivniiTe  of  utiLDin. 

Phenyl&Unin,  nr  n  iiticnylniniidDprni'iriuic  aciil.  ('4H».CH,.('H(NH,;i(.'00II,  flrsl  ob- 
UiiiiL'tl  Liy  i>i.'ili;i.zK  tkud  IlAiuttEiu  us  ii  cl<-avagc  prmiuct  of  vcgpt»t))L>  prulvicl.  'I'hi-  for- 
innlion  nf  ilils  ncid  irt  tlin  rleuVFitti^  nf  niocin  niih  tiyiirocblorlc  iiriil  Riid  tlu  cbloride 
In  b1»o  proliablo  iiccorilittg  i<>  E.  ScuuixK." 

Bntelania,  (',H,,N(),,  nr  5  niiiiiloviili-mnic  npiil,  (?U,(NH,)«:H,),C«)0H.  Tliimiclrl 
wns  [\m  •it'ivctvit  U\  lltepiDcruiisby  r.  Gomir-BGR^NEr,.  ibeii  Ity  Scul'lzbsiiO  BAnuiERi 
in  lupin  i-efilh,  hImi  hy  K.  buc]  II.  SalkoViAKI  iu  itit;  piilrefnclioii  of  lihrto.  iiient  iitiil 
golitliiidl.  Sai  KowwKi),  Mni  Iiy  PiKMKurKO  mining  the  plenvnge  prodiictiof  rrticiilin, 
and  \ty  Zku>co»Tk**  iiiikid^  iIiosu  uf  spongin, 

Tliis  ncfil  Torms  c<ilurl«B  iwiTes  or  slurry  gruuptt  or  needles.  U  niclm  at  I57-15S' 
wJlh  decomposition.  It  is  rrsdily  soliilitc  in  woler.  diseolves  with  difllculty  la  boiling 
alcobol,  but  U  uearly  lu»olubl«  iu  alcubiil  auU  elh«r. 

'  Bcr.  d.  dcuuch.  clicm.  GcsellBCh..  Bd.  SO,  fl.  1983. 

*  B«r.  d.  dmilscb.  chem.  (Jcselisch..  Bd.  2t. 

■  Schulzc  and  Barbicri.  if>id..  Ud.  10  ;  E.  Schalw,  Z«lticLr.  f.  physIoL  Cbeni..  Bd.  9. 

*  T.  Oorup- BcsADfT..    Atiuiil     li,    Chetn.  u.    Pb&rm.,  Bd.  98 ;  Scbuize  and   Barliieri, 
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Aspartic  Acid.  CJI.XO,,  or  amiijo-blccinic  acid,  C,H,(Nn,).(C00n),, 
Thia  acid  is  obLaiaeil  in  the  trjpeia  digestion  of  flbria  and  gelatin.  It  maj 
also  bo  obtained  by  tlie  decompogition  of  albumitioua  bodies  or  ulbnniinoitU 
with  acids.  IIusiwetz  and  IUubkuanx  '  obtuincd  'ZZ.Si  aejwrtic;  iicid, 
rUthoiigb  not  quite  pure,  from  oraUmmin  and  0.34  from  casein.  It  in  rerj 
wide1,v  diffused  in  tho  veget^ible  kingdom  as  the  omid  asfauauiki:  (tuni'Io- 
irtnccinic-ocid  amid),  wliicli  seems  to  bo  of  tbc  greatest  importnnce  in  the 
derelopment  and  formation  of  the  albuntinous  bodies  in  the  plants. 

A^lMirtic  acid  dissolves  in  -ibii  parU  water  at  -(-  10'^  C.  and  in  l^.fi  parts 
boiling  water,  and  crystallixos  on  cooling  as  rlionibic  prisms.  Tbe  acid 
prejutred  from  protein  snbstances  is  opticalljr  active,  and  is  dextrogyrate  in 
a  solution  strongly  acid  with  nitric  acid,  and  dextrogyrate  or  bcrogyrate  in 
a  watery  solution,  dependent  upon  the  teniperntnre.'  It  forms  with  eopiwr 
oxide  a  crystalline  combinatioD  which  is  soluble  in  boiling-liot  vriiter  and 
nearly  insulublo  in  cold  water,  and  which  may  be  used  in  the  preparation  of 
the  jture  acid  from  a  mixture  with  other  bodies.  In  regunl  to  niethoiis  of 
prepanition  see  IIlasiwetz  and  Uabkrmaxn',  and  E.  RcHriJiE.* 

Glntamio  Acid,  t\ll,NO„  or  AMiDo-i-vKorAiiTAKic  acid,  0,H,(NH,). 
(COOtl)^.  This  acid  was  first  fonnd  among  the  cleavage  prodncts  of 
Tegetable  proteids  by  UiTriiArsEH  and  Kkel'sleii.  Since  then  Hr-AsiTCKTZ 
and  IIauekuas'N  hare  found  it  lunoug  the  cleavage  products  of  animal 
proteids  and  obtained  2U*(  glutamic  acid  from  casein.  It  lius  also  been 
prepared  by  Sieopuieu  from  the  idhuminold,  reticolin.' 

(jlotamio  acid  crystallizes  in  rhombic  tetrahedra  oroctabe<lrft  or  iu  small 
leaves.  It  melts  at  13^-140"  with  partial  decomposition.  It  dissolTes  in 
100  iwrta  water  at  KJ"  C.  and  Ju  1500  parts  80*  alcohol.  It  is  inaolnble  iu 
alcohol  and  ether.  The  glutamic  acid  obtained  from  proteids  by  hniling^ 
vith  an  acid  is  dextro-rotatory,  while  that  obtained  by  beating  with  barium 
bydmt«  is  optically  inactive.  It  forms  a  heaatifnlly  crystalline  combioalioa 
with  hydrochloric  acid,  which  is  nearly  insoluble  in  concentrated  hydro- 
chlorio  acid.  This  combinatior.  is  used  in  the  isolation  of  glutamic  acid. 
>n  boiling  Tith  copper  oxyhydmto  a  beantifnl  crystalline  copper  salt,  which 


Jmito.  f.  prakt.  Cbem.  (K.  F.],  BJ.  £7;  E.  and  il.  Sitlkowaki,  Ber.  d.  Uculscb.  chem, 
Orsdlavb..  Bd.  IS :  H.  Snlkowskl.  tbiit.,  IM,  81 ;  Sk-gfrled,  mc  foot-note,  pnge  67  :  Za% 
loGotlas,  Compt.  rond-,  107. 

■  AddsI.  tl.  Clitfiii.  u.  Phiirni..  Bild.  199  u.  IfiS. 

*  Bee  LaudoU.    Dnit  opiluf-lie   I>rchungivcrmlVg«D  org.   Stibstnnxen.   Braunichwelg, 
1879.  ntid  Cook,  tier.  il.  ilvutwli.  cLictn.  GckIIscIi..  BiI.  80. 

*  Hlisiwciz  aad  lliibunnAau,  AddaI.  d.  Chem.  u.  Phann.,  Bd.  199:  £.  ScUuIze, 
trttscbr.  f.  p)iy»inl.  Oiem.,  B<1.  D. 

*  iUllUauaeQ  sod  Kreusler.  Joura.  f.  prakt.  Cb«m.   (S.  F.),  Bd.  3;  BIsalwetz  and 
HftbcrmnDn,  I.  c,  Bd.  1fi9;  SicgrHcil,  I.  c.,  foot-nolo,  itage  07. 
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is  soluble  with  difficulty,  is  obtnincd.     In  regard  to  the  preparation  of 

glutamic  acid  see  Hlasiwetz  and  IIakehmann,  and  E.  Sciil'lze.' 

Oiiixvri''*  miikes  ii«c  or  ihc  nickel  sails  [d  ihc  M.'pnrnlioti  nT  tbr  vnrlonn  aruldo  aclda. 
GlycucoU  and  alaoin  cive  crysulliiie  suits,  wlilcli  kre  suliiblc  wiili  ijiKiciilty  on  boiltitff' 
Willi  1111  fiC(;<-s8  <>t  tilckel  cuihiMime.     Aspnrtic  s«Mft  %\vii  n  niMicryHliilliuv  nickol  saU 
wltfcli  la  readily  soluble,  wblle  Icuciu  docs  Dot  give  hay  nickel  sail  ou  boiling  wllii  ulrliel 
carbuuutc. 

8.  Basic  Bodies. 

The  most  important  basic  prodncta  of  bydrolytic  clearage  of  proteia 
snbstnncos  aro  Ijrsin  (lysutin),  arginin,  und  histidin.  These  are  called  hcxoa 
bases  by  Kossbl. 

Lysin,  C,II,^N/),,  probably  diamido-caproic  acid,  C\1I. (Nil, ),C'OOIJ, 
is  hoinologoua  to  ornithin  (diaTttido-ralcriaiiic  acidV).  Lysin  has  been 
obtained  by  DTfEcrtar.!,  and  liia  tm]>ila  not  only  frotn  different  protoids,  bnt 
also  from  sereral  albnniinoidB  on  boiling  them  with  aoidis.  It  is  aXm  formed 
in  the  tryptic  but  not  in  the  peptic  digestion  of  proteids,  and  also  in  the 
dearago  of  protamins  (Koh.ski,}.'  Lysin  is  rciulily  BoloblG  in  water,  bub 
does  not  cryatallizo.  It  is  dextro-rotatory,  bnt  becomes  optically  iuactivo  on 
heating  with  barium  hydrate  to  loO"  C.  With  hydrochloric  acid  it  glTca 
two  hydrochloritles,  arid  with  platinum  cliloriile  it  gives  a  chloroplatioBte 
precipitahlisby  iilcoliol  with  llie  composition  C,H.,\WH,Pb(.'l, -f  r.H.Oll. 
Lyein  girea  two  silver  salts,  one  of  which  baa  the  fommla  AgNO, + 
CVi,.K»0„  and  the  other  with  the  formula  AgNO,  +  C,H,.N,0,.HKO, 
(Hrdin).  It  givi-s  no  sitrer  combination  insolable  in  soda  (KossGL). 
With  betizoylcbloride  and  alkali  lysin  forms  a  conjngated  acid,  l^xttn'r  acid^ 
C,U,,\,0,(C,1I,0),0,  {1)bf,(.-H8ei.),  which  is  homologous  with  ornithuric 
acid,  and  decompospB  into  benzuic  acid  and  lys^in  on  being  heated  with 
concentrated  hydrochloric  acid  to  140-150°  C*  Lysnric  acid  may  be  need 
in  the  separation  of  lysin,  first  preparing  the  acid  barium  salt  (C.  WiLL- 
DEynw  *). 

OrnitUo.  C.H,,N,0,.  probably  ilinmiiio-vfikrianlc  aild,  C,H,{Nn,)»COOH.  Il  Is 
foniifil  bi-i(iile«bi-nzoic  acli  in  llie  cleavaceof  tlieoonjugaicd  oruiOinrie  mid,  lilwovtieJ 
liy  Jatku.  and  wbieh  is  ulimiuHtcii  by  blrdx  on  fmaiLi};  buii/.i)U;  avid,  Il  is  sImi  pro- 
tliiceil  with  iirca  In  tbe  olfavHga  <jf  ai'i;iii{i)  willi  barvta-wfttpr  (Schtilke  and  Wintkh- 
flTElx*].  Ornitliin  f^Wva  a  suit  cryHtalliziug  In  bruntl  coloi-k-»«  U'nv(.'«,  with  nitric  add. 
Il   givcB   an  odor  Himilar  lo   ftemcii  on  Mrarming  wlib  caustic  soda.     On  putrefactloD 


'  Hlat>ivrei£  &tn\  nabcrmana,  Add&I.  d.  Cbem.  u,  Pbaim.,  Bd,  109  i  £.  Schulxe, 
Zcilschr.  f.  pliysioi.  Chem,.  IW.  9. 

>  Ceulmlbl.  f.  d.  med.  Wiuctigch.,  1697,  6.  MS. 

*  Tlie  works  ou  lyila  and  lysntlu  may  be  fuuiiii  In  DrcrhHcI :  Drr  Abbsu  der 
XlweL-stnCTe  iu  Du  Boi».Ilcy round's  Arch.,  1891,  and  also  Hedlo.  Zeitvclir.  f.  pbysloL 
Cbem..  Bd.  11 ;  Koescl,  ibid  .  Bd  S5. 

*  Drcclutel.  Ber.  d.  deutscb.  cbcin.  Geaellsch.,  Bd.  28. 

*  Zeltsctir.  f.  pliysioL  Cbem..  Pd.  a«. 

*  Jaff6,  iM..  Bdd.  10  and  1 1  :  Scbutze  tmd  WInteratein,  Ond.,  Bd.  80. 
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£i.i.iKORR '  hiu  obtained  putresotD,  whicli  sliowa  ibiit  in  omillilo  U)  amldo  group  tftkea 
Ihc  A  position. 

Diktnido  M*tio  And.  C^HiNiOi  =  CH{NH,),COOn.  wim  ulitaiucd   t>y  DRKcnaXL* 

■muni;  ilic  clcnvugo  proiliicts  uii  Ixiiliiig  protride  with  lin  noil  liyilrvclirorlc  mdd.  It 
cr>atat]tze9  In  pristiiii  and  furiiiii  a  iiiod1kii/.i'>I  <-oiiit>iiini]i)ii.  whitU'ia  not  Tery  wlulile  la 
watLT,  and  iiL-&rly  lusoliililc  in  ulcubo),  anil  wliiclt  U  ust^d  in  Ibc  iiiulnlluu  of  toe  add. 

Lytatin  or  Lysatinin.  The  formula  of  this  8ubBtnnco  is  either 
r,H„N,0,  or  C\n,,X,0  4- n,0.  in  the  rirat  case  tlie  bai?e  is  homolt^ona 
to  crealiii,  C,H,N,0, ,  in  the  other  ca«e  to  cr«atiniii,  C',U,K,(),  and  it  is 
for  this  reason  the  body  is  called  IjeatiQ  as  well  oa  IjiULtinin.  This  baae  is 
formed  nniler  the  same  conditions  as  lyein.  and  ucoonling  to  IIicniN'  it  ia 
perhaps  only  a  mixture  of  lyein  and  arginin. 

The  base  readily  dccom^Ki^es,  and  on  boiling  vith  baryta-water  it  yields 
nrea.  It  givea  a  double  silver  salt  witli  the  formnla  t\H,,N',0,.HXO, -4- 
AgNO, ,  which  ift  goluble  in  water  but  inMlnble  in  alcohol -ether,  and  which 
is  DBcd  in  the  se]>anitioD  and  ptirificution  of  the  baae. 

Arginin,  C,H,^N,0, ,  was  first  discovered  by  .StiirLZB  and  Stkiobr  in 
etiolated  hipiu  and  {mnipkin  sprouts.  It  was  later  detected  hy  IIsniK  in 
the  cieaTage  producLe  of  horn  euhstance,  gelatin,  and  serenil  proteid  bodioB. 
Hemin  obtained  the  following  oinotinta  of  arginin  from  horn  iiiibstuiicef 
gelatin,  conglntin,  albumin  from  egg-yolk,  ovalhnmin,  and  casein  refi]>ec- 
tirely:  2.25;  2.6;  2."'.');  2.3;  0.8;  0.8*.  ScHfLZEand  Ro.vikjkk  obtained 
ijiecially  targe  quantities  of  arginin,  about  10:<,  from  the  proteid  of  the 
conifer  seeds.  Arginin  also  occurs  among  the  products  of  trypsin  digestion 
(KuRSKL  and  KfxscnKB). 

Arginin  is  a  crystalline  substance,  which  yields  urea  and  apparently  alio 
ornitbin  on  boiling  with  barium  hydrate  (see  nboTe).  Sereral  cryBtalline 
ulta  and  double  salts  are  known  of  tli'rs  bai^e,  iimong  which  the  silrer  salt  is 
the  moat  important.  The  silver  salt,  AgXO,  +  CJI,,N,0,  -j-  iU.O,  sepa- 
tateaon  slow  crystal] i nation  Jn  beantifnl  prismatic  crystals.  It  is  the  leaat 
soluble  of  alt  the  aitver  salts,  and  is  best  suited  for  iho  isolation  nf  the  luise. 
With  silver  salt  and  free  alkali  or  barium  hydrate,  arginin  giresau  insolnbte 
silver  conipoutui  (Kosakl).' 

Hiatidin,  C,TI,N,(), ,  was  first  discovered  by  Ko8s:el  as  a  cleavage 
pro«luct  of  the  protaraina  (aturin).  After  thia  it  was  found  by  IIrmn* 
among  the  cleavage  products  of  proteids  on  boiling  them  with  dilute  acid, 
and  by  KuTsrHER  among  the  products  of  trypsin  digestion. 

Hiatidin  crystallizes  in  colorless  needles  or  lamellie.  Its  watery  solution 
ia  not  precipitated  by  ailver  nitrate  alone,  but  on  the  carefnl  addition  of 
ammonia  an  amorphona  precipitate  readily  soluble  in  an  exceaa  of  ammoniib 

'  Brr.  d.  deutscb.  ctiem.  Oc«c]l8cb..  Bd.  91. 

«  Ber.  d.  Acba.  Oct.  d.  Wlsscnstli..  Bd.  44. 

'  .*h:IiuIz(;  and  bictger.  Zell«chr  t.  pliy»io1.  Cliem.,  Bd  II:  [ItHliii.  i&i'tl.,  Bd.  SI  ; 
Prhnlzp  (unci  ItuDffp;cr  ,  iVI..  Bd.  'H  ;  Kniwlipr,  rtiVf..  Bd.  2fi ;  Kowc-I,  ibid. 

*  ICosk:),  8iUiiui;i>>«i'.  d.  ksl-  l*rewiM.  Aluid.  d.  WIskiiscIi.,  Bd.  I8,  and  ZelUcUr.  t, 
piiyalol.  Cliem..  &).  25;  Htdiii.  ibid..  Bd.  32. 
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JM  obtained.  The  hydrochloride  crjrstiillizes  in  beautiful  lamellated  crystalB.' 
It  is  optically  inactive,  dissolrea  rather  readily  in  water,  but  is  insoluble  ia 
alcohcH  and  ether.  Histidin  acts  like  arginin  with  siWer  salt  and  alkali. 
HistidiD  carbonate  is  precipitated  by  mercuric  chloride  (Kossel). 

The  principle  of  the  preparation  of  these  buses  consists  in  first  precipitat- 
ing all  the  bases  with  phospho-tungstic  acid,  which  leaves  the  auiido  acida 
in  solution.  The  precipitate  is  decomposed  in  boiling  water  with  bariam 
hydroxide  and  the  bases  obtained  from  the  tiltrate  as  silver  combinations. 
In  regard  to  details  we  refer  the  reader  to  the  above-cited  works  of  Drechsel 
and  Hedin.  Kossel  first  separates  the  hisiiclin  from  the  other  bases  by 
precipitation  with  mercuric  chloride,  but  according  to  more  recent  invest!- 
gations  Kossel*  finds  that  the  mercuric  chloride  method  cannot  be  used  aa 
a  general  method  of  separating  arginin  from  histidin,  because  one  can  never 
be  sure  whether  or  not  the  histidin  is  not  cont^inated  with  arginin. 
According  to  Kossel  lysin  may  be  readily  prepared  as  a  piorate,  which  ia 
obtained  on  adding  an  alcoholic  solution  of  picric  acid  to  a  concentrated 
watery  solution  of  the  free  base.  Arginin  may  be  separated  from  lysin  by 
precipitating  with  silver  sulphate  and  barium  hydroxide. 

■  See  Bauer,  ZeiUchr.  f.  pbyslul.  Chem.,  Bd.  23. 
■ZeltBclir.  f.  pbyslol.  Chem.,  Bd.  20. 


CHAPTER  III. 


THE  CARBOIIYDnATEB. 


Wf.  designate  with  this  nama  bodies  wliich  are  ecpeciall;' abundaDt  in 
the  plant  kingdom.  Ae  the  protein  bodies  form  the  chief  portion  of  the 
solids  in  animal  tissues,  so  tlie  cflrljofivdratea  form  the  chief  portion  of  the 
dry  BubstAnce  of  the  plant  structure.  They  occnr  in  the  aninml  kingdom 
only  in  proportionately  small  qoantities  either  free  or  in  combJnationB  with 
more  complex  molecules,  forming  compound  proteiils.  C'arboliyd rates  are 
of  eitraordinarily  great  importance  as  fooil  for  hotli  mttii  rikI  animids. 

The  carbohydrates  contain  carbon^  htfdrogen,  and  oriffjen.  The  last  twt> 
elements  occnr  in  the  same  proportion  aa  they  do  in  water,  namely,  3  :  1, 
and  this  is  tho  reason  why  the  name  carbohydrates  haa  been  given  to  them. 
This  name  is  not  qnite  pertinent,  if  strictly  considered;  becaDse  oven 
thon^h  we  hare  bodies,  sach  as  acetic  acid  and  lactic,  which  are  not  carbo- 
hydrates and  still  hate  their  oxygon  and  hydrogen  in  the  relationship  to 
form  water,  nevertlieless  we  ulso  bate  a  sngar  (rbamnose,  C,U,,OJ  which- 
has  these  two  elements  in  another  proportion.  Heretofore  it  was  thonght 
pouible  to  characterliie  as  carbohydrates  those  bodies  which  contained 
6  atoms  of  carbon,  or  a  multiple,  in  the  molecnlct  hut  this  io  not  considered 
ralid  at  the  present  time.  Wo  hare  tme  carbohydrates  containing  less  than 
r>  and  also  those  containing  7,  S,  and  0  carbon  atoms  in  the  molecule.  The 
carbohydrates  have  no  properties  or  characteristics  in  general  which  differ- 
entiate them  from  other  bodies;  on  tho  contrary,  the  varions  carbohydrates 
are  in  many  cases  Tery  different  in  their  external  properties.  I'nder  tliese^ 
circamstances  it  is  rery  difllcult  to  give  a  positive  definition  of  carbo- 
hydrates. 

From  a  ohemioal  standpoint  wo  can  say  that  all  carbohydrates  are 
aldehyde  or  ketone  derivatiros  of  polyhydnc  alcohols.  The  simplest  carbo- 
hydrates, the  simple  sugars  or  monosaccharides,  are  either  aldehvde  or 
ketone  derivatives  of  these  alcohols,  and  the  more  complex  carbobydratea 
seem  to  be  derived  from  these  by  the  formation  of  anhydrides.  It  is  a  foot- 
Uiat  the  more  complex  carbohydrates  yield  two  or  eren  more  molecales  of 
the  simple  aagara  when  made  to  nndergo  hydrolytic  splitting. 

The  carbohydrates  are  generally  dirided  into  three  chief  groups,  namely, 
monngftrrharidsSt  (U'saccharideSt  and  jwli/saceh/tritUs. 

Tl 
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Our  knowledge  of  the  carbohjd rates  auil  their  etrnctanU  relatioosliipa 
liHi)  biien  Terjr  much  extended  by  the  pioQeering  inTeatigatioDB  of  Kiliasi' 
and  especially  those  of  E.  I'lsciiEn.' 

As  the  carboliyilrutea  occur  chiefly  in  the  plant  kingdom  it  is  catarollj 
not  the  place  here  to  gire  a  troniplete  disr.tisjiloiii  of  tJie  nnmerons  carbo- 
hydrates known  up  to  the  preaent  time.  According  to  tlie  plan  of  this 
work  it  is  only  possible  to  giro  a  sliort  review  of  those  carbohydrates  which 
nceur  in  the  auimal  kingdom  or  are  of  special  Importance  as  food  for  man 
and  aninaals. 

MutiusiiiM'linrfdes. 

All  varieties  of  sugars,  the  moiiosaccliandes  as  well  as  disacchurideB,  are 
characterized  by  tlic  termination  "  use,"  to  whicli  a  root  is  added  signifying 
their  origin  or  other  relations.  According  to  the  niiniber  of  carbon  atoms, 
or  more  correctly  oxygen  atoms,  contained  in  the  moUcule  the  monosaccha- 
rides are  divided  into  frioses.  fetrvs^s,  pentoses,  kexotes^  keptosea,  and  so  ou. 

All  monosaccharides  are  either  aldehydes  or  ketones  of  po]yhy<lrtc 
aloohols.  The  first  are  termed  aldoses  and  the  other  ketoies.  Ordinary 
glucose  is  an  aldose,  wliile  ordinary  fniit-siigar  (levulose)  is  a  ketose.  The 
dilTerence  may  be  shown  by  the  structural  formula  of  these  two  varieties  of 
sngar : 

Glucose   =  ClI,(On).Cn(On).CU{OU).CH(01I).Cn(0TT).CH0j 
Levtiloso  =  ClJ,(OH).ClI(011).UU{OU).CU(OII).CO.Cii,(OU). 

A  dilTerence  is  alw  observed  ou  oxidation.  The  aldoses  can  be  con- 
verted into  ojcyiH^ids  having  the  same  quantity  of  carbon,  while  the  ketosea 
yield  acids  liaviog  leas  carbon.  Ou  mild  oxidation  the  aldoses  yield  mono- 
basic oiyacids  and  dibasic  acids  ou  more  energetic  oxidation.  Thus 
ordinary  glucose  yields  glnconic  acid  in  the  Urst  caee  and  uiccharic  acid  in 
the  second. 

Gluconic  iicid  =  cn,(on).rcn(on)]..coon ; 

Saccharic  acid  =  CO0n.ICa(OU)]^.C001I. 

The  monobasic  oxyacids  are  of  the  greatest  importance  in  the  artificial 
formation  of  the  mono^iicclmrides.  Theeo  acids,  ns  lactones,  can  be  con- 
verted into  their  respective  aldehydes  (correspond iiif;  to  the  sugare)  by  the 
action  of  nascent  hydrogen.  On  the  other  hund  they  may  be  transformed 
into  stcrco-isomoric  acids  on  beating  with  clilnolin,  pyridin,  etc.,  and  the 
stereo- isomeric  sugars  may  be  obtained  from  these  by  reduction. 

■  iWr  il.  d«-til8.1i.  clitiui.  UesclIacL..  Bi]<l.  18.  19,  and  30. 

'  See  E,  Kiscliwr's  leclure  :  "Synlliexuii  iu  durZiickergnippe."  Ber.  d.  ileiiuch.  cbcm. 
Gwtellwli..  Btl.  S;J,  S.  2114.  An  cxciHi'iit  work  oti  C»rboliyil rates  is  Tolieo's  "Eutwb 
Hauilliiich  der  Kolilehydi-at«>,"  Hatiluu,  Bd.  2,  18&5,  aud  &].  I,  2  Aullage.  1886.  which 
^ivM  n  complete  rcriew  of  llie  llUratarc 
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Xnmeroni  isomers  occar  among  tLe  moaotaccbarides,  and  eepwiolly  in 
the  hcxos^  gronP'  In  cerlain  caees,  as  for  in8tance  in  glucose  ami  IcTuloae, 
we  are  dealing  with  a  different  c?onsiitutioii  (aldoses  and  ketoses),  bat  in 
most  cases  we  have  stereo-isomerlBm  due  to  the  presence  of  asTDimetric 
carbon  atoms. 

The  inonosacciiaridett  are  converted  into  the  corresponding  alcohols  bj 
nascent  hjilrogen.  Thna  arabinqse,  which  is  a  pentose,  CJf,,0,,  is 
iransformed  into  the  pentatornic  alcohol,  arabit,  C,1I,,0,.  The  three 
bexoses,  olccosk,  levulose,  and  galactosr,  0,]T,,0,,  are  transformed 
into  the  corresponding  three  hexites,  sorbite,  makxitk,  and  nrLciTE, 
C,1I,,0,,  In.  these  reductions  a  Mcond  isomeric  alcohol  m  also  obtained  ua 
in  the  reduction  of  leruloeo  besides  niannite  also  sorbite.  InTeraelj,  tho 
corresponding  sngars  may  be  prepareii  from  polyhTdric  alcohols  by  careful 
oxidation. 

Similar  to  the  ordinary  aldehydes  and  ketones  the  siigani  may  bo  made 
to  take  up  hydrocyanic  acid.  Cjranhydrinea  are  thitfl  formed.  These 
addition  prodncts  are  of  special  interest  in  that  thoy  make  the  artificial 
preparation  possible  of  engara  rich  in  carbon  from  sugars  ]KKir  in  carbon. 

ABC.tftui|>lt),  ir  wcslnri  from  irlucose  we  obuiii  elucocynnlirdrin  on  IliRiuldHionoriiy- 
(IrwvMlcnddt  (-H^OH)  (CIUOHil.  COH  +  UCK=CH;(Oir).(CIl(nil)]..CH((lH).CN. 
On  Uio  ^ftiwnilicutioii  or  jElncucjiuiliydriu  tlieci>rr««pOn(11iig'>TrHCiil  ia  fonnril;  CHitUH), 
[ClliOll)].  CH(OH)  C>r-f  aH,0  =  CH,(UH).[t:iliOH(].  (-HtOH)  COOH  +  NH,.  By 
llie  uctiou  of  uwtceot  IjvdrogfD  on  tbe  Inctonc-  ct  lliJs  ncld  w<j  ulilaiu  j;luculi«i>to9e, 
C,H.,0,. 

The  monosaccharides  give  the  corresponding  oximes  vith  hydroxylamin; 
thna  glucose  yields  gluco9oxime,CU,(OU).[Cn(OH)],.CII  :  N.OII.'  These 
combinations  are  of  importance  on  account  of  the  fact,  us  found  by 
WoHi,,'  that  they  are  the  starting-point  in  the  building  np  of  rarieties  of 
sngara,  namely,  the  preimration  of  sugars  poor  in  carbon  from  those  rich  in 
carbon. 

The  monoaaccharidea  are  strong  redncing  bodies,  similar  to  the  alde- 
hydes. Tbey  reduce  metallic  silver  from  ammoniacal  silrer  solutions,  and 
also  Bcverol  metallic  oxides,  ench  as  copper,  biBmntli^  anJ  mercury  oxides, 
on  warming  their  alkaline  Rolntions.  Thia  property  is  of  the  greatest 
importance  in  their  detection  and  quantitative  estimation. 

Tho  bphavior  of  tbe  tiiigars  to  pheiiylbvdniKiu  acetate  is  of  special 
importance.  Their  watery  sobitions  tirst  yield  uvniiAitnKRs  witli  phenyl- 
hydrazin  acetate,  and  then  osazukss  on  lengthy  varming  in  the  water- 
bath.     The  reaction  takes  place  aa  follows: 

(a)  c:H,(OH).[CU(oa>i,.cn(OH).cno  \  n.N.Nn.c.n. 

=  rH,(On).[CIM)II)],X'H(OH)CII  :  N.NH.C.H.  +  H.O. 
Pbeii  y  Iglucoeliyd  rtiKoQ 


>  Ber.  d.  deutsoh.  oLiun.  Oewllftdi.,  Bd.  36,  S.  TOO. 
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(6)  CH,(0H)[CH(0H)]..CH{OH).CH  :  N.NH.C.H.  +  H,N.NH.C.H. 
=  CH,(OH).[CH(OH)]..0.  CH  :  N.NH.C.H. 

S.NH.C.H,  +  H,0  +  H,. 
Phenjlglucosazon 

The  hydrogen  la  not  evoWed,  but  acta  on  a  second  molecule  of  phenylbydrazlQ  and 
splits  it  into  anilin  and  ammonia  : 

HiN.NH.C.H.  +  H,  =  H.N.C.H.  4-  NH,. 

The  osazonea  are  yellow  crystalline  combinations,  which  differ  from 
each  other  in  melting-point,  solability,  and  optical  properties,  and  hence 
hare  received  great  importance  in  the  characterization  of  certain  sagars. 
They  hare  also  become  of  extraordinarily  great  importance  in  the  stndy  of 
the  carbohydrates  for  other  reasons.  Thos  they  are  a  very  good  means  of 
precipitating  sugars  from  solution  in  which  they  occar  mixed  with,  other 
bodies,  and  they  are  of  the  greatest  importance  in  the  artificial  preparation 
of  sagars. 

On  cleaTage,  by  the  short  action  of  gentle  heat  and  faming  hydrochloric 
acid,  the  osazones  yield  phenylhydrazin  hydrochloride  and  so-called  obohxs, 
bodies  which  are  ketoaldehydes: 

CH,(OH).[CH(OH)],.0.CH:  N.NH.C.H, 

N.NH.C.H.        +  2H.0  +  2HC1 
=  2C,H,.NH.NH..HC1  +  CH,(OH).[0H(OH)]..CO.CHO. 

OaoDe 

The  ketoses  are  obtained  from  the  osones  by  redaction  with  sino  dost 
and  acetic  acid: 

CH,(OH).[CH{OH)].CO.CHO  +  2H 

=  CH.(0H).[CH(OH)],.CO.CH,(OH). 

If  we  start  with  an  aldose,  we  do  not  get  the  same  sugar  back  again,  bat 
an  isomere  ketose,  and  in  this  way  we  can  conrert  glncose  into  leTolose. 

We  can  also  pass  from  the  osazones  to  the  corresponding  sagmrt 
(ketoses)  in  other  ways,  namely,  by  direct  redaction  of  the  osazonea  with 
acetic  acid  and  zinc  dast.  The  corresponding  osamin  is  first  formed,  and 
then  on  treating  with  nitrons  acid  a  ketose  is  obtained: 

CH.(OH).[CH(OH)]..C.CH  :  N.NH.C.H. 

N.NH.C.H.  4-  H,0  +  4H  = 

Pbenftglucosazon 

Cn,(On).[CH(OH)],.CO.ClI.(NH.)  +  C.H,.NH.NII.  +C.H..NH, 

Isoglucosaniln 

and 

CH,(OH).[CH(OH)],.CO.CH,(NH,)  +  HNO. 

=  CH.(OH).[CU(OH)],.CO.CII,(OH)  +  N.  +  fT,0. 

Iieruloae 
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From  what  liu  Iwen  stated  we  see  that  there  are  Tar'ioaB  ways  of  prepar- 
ing  sugji-9  artiricmlljr.  They  may  be  prepared  (I)  by  the  carefal  oxidation 
of  the  polyhydric  alcohols;  {2)  rednction  of  the  corresponding  monobasic 
oiyactdit;  {'■^)  splittiug  of  the  oeazone  with  hydrochloric  acid  and  a  rednction 
of  the  OGone;  (4)  direct  redaction  of  tho  oeazone  arid  treating  the  oaamin 
with  nitrotiB  acid;  (n)  gyntfaeees  from  combinationa  poor  in  carbon  (see 
syntheses  of  the  hexosea). 

Tbe  iaoglucosiiiiiiii  prepared  lu  the  nbore  mnniier  from  phenfl^lucosazon  is  bomeHc 
wltli  nunihcr  f;hicosimin,  which  tnnj'  be  oIjtiiiiK^'il  )iy  i))C  clnivngr  of  cbitlii  (we  (Tlinpier 
SVI)  Willi  liy.lrofliK>rio  aciil.  B"ili  Kliicmuiniiis  Kiv«j  crjr»t«lliDO  mIm  iiint  linr«  re- 
dudtig  MTiIui]&.  Tliu  }:hicosaiiilu  (fiuiii  cltiuii)  ^ivcn  u  tlvxiro-rutRUiry,  mm  rtrmiciitnble 
(DRnr  with  nitroiiB  jktIiI,  wlitl«  isu^luirooamiii  gi^-M  li-viilofce.  E.  KtsriiKB  in  at  tbe 
opinion  lUat  glucoNinini  isilrriTt^d  Iixmii  tlexlitnw,  ait(]  isoglitrottuiiii  from  li^viiUiee. 

Miiiijr  TsriuUei  of  sngnr  fitrm  rrysLilline  t-dnibitmllons,  whirb  miiy  Iji?  coiit.if)erc<]  as 
<«amfDii.  wltli  nniinonlN,  wbeti  llicy  ure  diMoLved  in  RinmoniiK-ftl  uieiljyl  ulcitbol  iLoiutv 
DB  Urdvn)  '  Tliey  give  no  salts  wfib  avlila,  and  iliffor  from  the  otiier  kuuwo  isaiii<-rJc 
osamltii  lu  ibis  rcupi-L-t. 

Afl  sliown  by  K.  Fischer  and  hie  pupila  *  the  aldoses  (alao  pentoec-g),  as 
welt  aa  ketoses.  may  enter  into  an  ethereal  combination  with  alcohols  in  the 
]>rese>ice  of  hydrochloric  acid.  These  corabiuatioiis  are  called  gll'co&iuks. 
Sach  glucottiden  hare  not  only  been  obtained  with  aliphatic  alcoholft,  but  alKo 
with  benzyl  alcohol,  polyvalent  phenoU,  and  ozyacids.  The  more  compli- 
cated carbobydmtes  nmy,  according  to  FiscHKR,  1)6  considered  aa  gliicosidea 
(jf  ibti  sugar.  Thus  maltose  is  the  gluooeide  and  lactose  the  galactosiJe  of 
grajte-sogar. 

Ity  the  action  of  idkaliee,  even  in  small  amonntB,  as  also  of  alkaline  earths 
and  lead  hydroxide,  a  reciprocal  traiii>foniiation  of  the  sugiirs,  snch  oa 
glucose,  levuloBB,  and  niamiofie,  mar  take  place  (Lunuv  i>k  Hri'yn  end 
Alhekua  van  Ekksstein).* 

Two  ollirr  Bitfnm,  nniODK  Hiom  two  kcttwea.  iirt-  pnii]iicv<I  by  Ihv  nclion  of  iK)lAsb  or 
KtHn  ou  eacb  of  tlie  tlinit  sngm-a,  glucow?,  IcviiIohc-,  uimI  KalnrtiMf.  For  ejamjile.  from 
ffliicnee  two  ItetoM^  levulow  and  i>«eii(toletni1o»r.  arc  pr'xiiicct],  also  mniinoHt  xn'l  h  non- 
fennculBble  siiutir,  gluuwe.  Prom  gnlncloiM;  arc  foniiinl  laltw*  mill  gsllMsv,  bi-attlcM  two 
ketOMS,  tB^atose  nnd  iiKUdningitl^iftc. 

The  mouoeaocharides  are  colorless  and  odorleea  bodiea,  neatral  in  reac- 
tion, with  a  iweet  taste,  readily  eolublo  in  water,  generally  solubto  with 
diflictilty  ill  absolute  aloohnl,  and  insoluble  in  ether,  and  some  of  which 
orvBtallize  well  in  the  pure  fltate.  They  are  optically  active,  some  Irevo- 
mtatory  and  others  dextro-rotatory;  bttt  there  are  also  opticidly  inactive 
modifications  (racemic),  which  are  formed  from  two  optically  op|Hi8eil  com- 
ponents. 

>  Ber.  d.  dcutMh,  cbem.  OnelUcb-,  Bd.  S8.  8.  8083,  and  Cbem.  C«nlnill>l..  1^, 
Bd.  S. 

*  Bcr.  d.  deu(«cb.  ch«m.  Gesellsch..  Bdd-  29.  37,  $8. 

>  B«r.  d.  dL-ulscb.  cbem.  Ooeltsch.,  nd.  28.  8.  WlH  ;  Bull.  soc.  cblm.  de  Puiria  (8). 
Tome  15 :  Cbem.  CeDlralbl..  1896.  S,  nod  1897,  %. 
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We  designate  the  optical  activity  of  the  ctirbolijclratea  with  the  letter  1- 
for  loevogyrato,  d-  for  dextrogyrate,  and  3-  for  iuactive.  These  are  only 
partly  nsefnl.  Thus  dextro-rotatory  glucoao  is  deaigriated  d-glncose,  lievo- 
rotatory  I-glacose,  and  the  juactive  i-glucose.  Kmil  Kisciikh  has  ased  theee 
ugns  ill  another  sense.  ]ln  de^jigiiutos  by  tiiese  signs  the  homogcnooasness 
of  the  various  kinds  ol  eiigara  insteutl  of  tlielr  opticiil  activity.  For  exam- 
ple, he  does  not  deflignate  the  liero-rotatory  levulose  l-leroloso,  bat 
d-levuSoBe,  showing  itg  cloee  relation  to  dextro-rotatory  d-gIaco8e.  This 
designation  is  genoraUy  accepted,  and  the  above-montionod  signs  only  shov 
the  optical  properties  in  a  few  cases. 

Spccilic  rfitnlioti  iiieutis  tiio  rotalioti  ju  ilfgrees  proiluccci  hyl  em.  mi bstnnfe  dissolved 
1q  I  cc.  liijiiid  |ilikc*^ii  111  a  lube  1  iLcm.  Umg.  The  reaitiii);  U  onlititirily  loKde  At 
-f-2Q*C;.  and  witL  d  liutuuiieiiCDtjssixiiiiiu  Itcbt.     Ttm  si>.  rnftktJDa  whli  tliis  llgliL  Js  repro* 

Milted  liy  «(U),  iniil  fB(!xpri«m:ii  by  Ifn:  fnllowiag  furtniilti :  nil))  —  ±      -  ,  In    vhlch  a 

reprwoHUtliertiuIingofdeRreea,  1  Ihi;  l»n?ih  of  ilic  iiitic  in  docimttrw,  na<\  p  t  lie  weight 
of  »ul»tnuc«  iu  1  w.  uf  ibc  liquid.     luveiovly  iLc  per  coat  Pot  suIhCiuicc  cmi  be  ralcu- 


IilU'lI,  when  lliBH|ii-dtlc:  rutiiUou  is  kiiuwu,  by  Ibi;  foriiiiilu  /*  = 


lOO't 

"i.r 


in  whii'b  a  rcpre- 


seiiu  ilic>  kuowii  spccitlc  roiaiioii. 

A  frLniily  ]ir(:piirBd»u^ir«oltitioi)  c>rictisbowt)  rmatlter  ralntion  from  wln-a  It  In  allowed 
tosiaTul  (iirHitmclinio.  If  thovulaliuD  jrnulnnlly  iHiiiiiiialiea.  LliJ!ti<^citll(.'(l  biromiloo.  wbllo 
a  gradual  fticrcirkse  in  ttkc  rotalinn  is  calluil  UulV-rulAliotk.  The  bimtatiou  and  bnlf-roUL- 
tinit  niiiy  lie  iiiitrivdlsLt-Iy  atHjIietied  by  iba  iidditiuo  of  very  liltle  nnitnonJi  (]  p.  m.). 
C.  ScuL'LTHE  ami  'r«u.css.' 

Tliu  cbmiga  lu  tUu  rotullou  constfint  and  ihe  depeud&Dcu  of  Itiis  upnii  tim  rniicftitni- 
tiou  riiid  icnipcintiire  of  tlic  s.'tiitiiiii  depetul.i,  iiccoidiiig  to  Tankkt'  upcin  the  fact  ttiat 
tburc  exist  \hniG  di[[«retit  luodiliculloiDi  of  each  sugar  (liiiUl  liua  been  exaiiiiijedl.  cacti  of 
whicU  witli  i-i)upd  iiiolcciilfir  Hi7.i?  lui.t  itK  own  ratutJou  i>ro|)erty  aod  lis  owu  solubility  iid(1 
cau  be  converted  into  uibcr  mocliflcalluns. 

Many  inooosaccharides,  bnt  not  all,  ferment  with  yeast,  and  it  has  been 
shown  that  only  those  Tarietioa  of  sugar  containing  3,  G,  or  9  atoms  of 
carbon  in  the  molccnio  are  fernientable  with  yoast.  Still  amongst  the 
liexosea  wo  Und  exceptions,  namely,  a  few  artificially  prepared  heicoses  do 
not  femient  with  yeast,  ^'apious  kinds  of  Bchi2omycetes  canse  a  different 
fermentation,  such  ac  lactic  and  butyric  acid  fermentation  and  niucilaginons 
fernientatioD. 

K.  Fiscnsft*  has  shown,  that  the  restricted  action  of  yeast  on  only 
certain  varietiest  of  sugar  is  very  probably  in  close  connection  with  the 
stereometric  confignratioD  of  the  angars.  The  active  protein  aabstanoes  of 
the  yeast,  whicli  arc  asymmetricaLly  built,  only  act  on  those  varieties  of  sngar 
whose  geometric  structure  is  similar  to,  or  at  least  not  very  dilTerent  from, 
the  ferment.  The  same  is  trne  also  for  the  action  of  inverting  enzymes  on 
polysaccharides  and  ghicosides. 

'  Anaal.  d.  Cheiii.  li.  Plinriii..  Bd.  371 

<  Compl.  run<]..  Tutiivs  130  nud  1^2  :  Bull.  voc.  chtm.  (3).  Tomes  IS  Knd  15. 

'  Ber.  d.  dtuiwb.  chcm.  OfJipllscb.,  Bd.  27.  The  bebavlor  of  various  Mgnn  wflh 
pun  yvtaX  and  the  cutidilioiia  for  llieir  fermculalioa  iuw  btreu  sludu-d  by  K.  Fificber  and 
H.  Tbierfelder.  Md..  Bdd.  ST  and  38. 
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The  simple  vanetiea  of  BngAr  ocscor  in  part  in  nature  as  snch  already 

>nned,  which  is  the  caM  with  both  of  the  rery  important  sngurs,  grape- 

Bngor  and  IotdIom.     They  also  occur  in  grent  abnndance  in  natare  tua  more 

complex  carbohydrates  (di-  and  polyBaccbnridcst:  also  as  ester  combinations 

with  different  enbstances,  as  so-called  glncosides. 

Among  the  gronps  of  monoi-accharides  known  at  the  present  time,  thoM 
containing  leas  than  five  and  more  than  six  carbon  »t<imB  in  the  DioIecnl« 
have  no  great  importance  in  zoo-chemisCry,  althongli  they  are  of  }ngh 
■cientidc  incereet.  Of  the  other  two  gronps  the  hexoso;a  are  of  the  greatest 
importance,  because  in  the  past  only  those  carbohydrates  witli  six  carboa 
atoms  were  considered  as  trao  cnrbohyd rates.  As  the  pentosefl  have  been 
the  eabject  of  2oo>cbemical  inTeEtigatioiiB  of  late,  ttiey  will  also  be  given  ia 
short. 

Pentoses  (C4H..O1). 

As  a  mie  the  pentoses  lio  not  occur  ns  sncTi  in  nature,  bnt  are  formed  in 
the  hydrolytic  splitting  of  sereral  more  complex  carbohydrates,  the  Bo-called 
pentosanes,  especially  on  boiling  gumi»  with  dilute  mineral  acids.  They  exist 
Ltery  widely  distribnlcd  in  the  plont  kingdom,  and  are  especially  of  great 
FiDiportance  in  tbe  building  np  of  certain  plant  constLtnents,  Tliey  liave 
only  thns  far  been  found  in  exceptional  cases  in  animals.  iSalkowski  and 
jAtiTKOWiTZ  have  found  a  pento<!e  in  the  urine  of  a  person  addicted  to  the 
morphine  habit,  and  Sai.kowski  subeeejnently  fonnd  it  in  two  simijjir  cases. 
Smalt  quantities  of  pentoses  liare  been  detected  in  many  cases  by  KCt.z  and 
Vo(}Kl'  in  the  urine  of  diabetics,  as  ult^u  in  dogs  with  pancreas  diabetes  or 
phlorhixin  diabetes.  Pentose  aiiio  )ii)»<  been  fonnd  by  tbe  author  amongst 
the  clearage  products  of  a  nucleoprnteid  obtained  from  the  pancreas,  and 
seems  also,  according  to  the  observations  of  IIli'mkntnal,*  to  be  a  constit- 
uent of  nuclcoproteide  of  varions  organs  such  as  the  thymns,  thyroid,  brain, 
Bjileen,  and  liver. 

The  pentoses  seem  to  be  of  iuiportance  as  food  for  herbirorons  animals. 
&JLLKOWSKI  and  C'HiiUKK '  have  shown  tliat  the  pentoses  xylose,  arabinose, 
and  rhoinnoee  are  oesimilated  by  rabbits  and  bens,  nnd  that  thoeo  animata 
utilize  tbe  })entoses,  and  eren  form  glycogen  therefrom.  Ttie  pentoses  seem 
to  be  absorbed  by  human  beinga  and  to  be  utilized  iu  pan.  They  past 
Teodily  into  tbe  urine.* 

•  Bftlkowskl  and  JastrowiU.  Ceutrslbl.  t.  d.  med.  WImdwI)..  1  W2.  B.  8»7  ud  AM  ; 
Sslkowskl,  Berl.  klia.  WocheuKhr..  1»8S  ;  KQIz  stitl  Vogr),  Zcllarlir.  f.  BlologJe. 
Bd.  33. 

I  Hutntnantrn.  Zeltftrlir.  f.  phy^inl.  C'liem.,  ltd.  10;  aim  Balkowiikl,  Ikrt.  kthi. 
Wocljensi-lir  .  1695.  niumi-Dtbal,  ZeiltcUr.  f.  kliu.  Hctl..  Bd.  34. 

*  SatkowAki.  I.  c.  Ccutrslbl. :  Cn-mer.Zrllscljr.  f.  Blologle,  Bd.  S9. 
'^K  Ehftein,  Viichow's  Arcb..  128  ;  I'ulUnK.  Btrr.  d.  deuUtdi.  cXwrn.  GnellMb..  Bd. 

),  8. 1S06  ;  Cremer,  I.e.;  LlndcioaDii  and  Slay,  Dcuiscli.  Arcb.  f.  klio,  Mnl.,  Bd.  M. 
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The  pentoses  are  non-ferm  en  table,  redncing  aldoses.  On  heating  with 
Biilplniric  or  liyilroeliloric  bcUs  they  yield  furfarol,  bat  no  loTnlinic  acid. 
The  furfarol  passing  over  on  distilling  wiUi  hydrocliloric  acid  may  not  onlj 
be  nscd  in  the  detection  (ivith  aniline  acetate  paper  which  is  colored  rad 
with  furfurol),  but  al5o  in  the  riaantitative  estimation  of  pentoees  (or 
pentoaanea).  Ou  warming  with  hydrochloric  acid  containing  phloroplacm 
&  boantifol  red  Bohition  is  the  reealt,  and  thiit  solution  gives  a  sharply 
defined  absorption  baud  on  the  right  of  the  godiam  line.  The  most 
important  jwntoaes  are  arahisosb  and  xylose. 

ArabinoBe  (dextro-rotatory  urabinosef  pectin  engar)  js  obtained  on  boil- 
Inf?  gam  arable  or  cherry-gum  with  2^^;  aulphtiric  acid.  It  cryBtalliz.**,  lias 
a  sweet  taste,  melts  at  about  100%  and  is  strougly  dextro-rotatory  q{X))  =. 
+  104^105".  Its  oeazon  melts  at  157-158°  C,  and  10  c.  c.  Fehlino'i 
eolution  is  reduced  by  411  n]illi;^rani8  arabiuose.  The  artificially  prepared 
lierogyrate  arabiuoae  as  well  as  the  optically  inactive  arabinose  are  known. 

Xylose  (wood  sagar).     This  body  is  obtained  with  the  previous  stero' 

isomeric  pt'iitose  ou  boiling  wood  gums  with  dilute  ncida.     It  fornia  trryotalgl 

melting  at    l."i3-l.'4°  C,  whicb  are  very  soluble    in  water  bat  ditliculUr 

Boliible  in  alcohol.     It  has  a  sweet  taste,  is  feebly  dextro-rotatory,  n'(D) 

— ^  16,1°,  aud  gives  an  osazon  which  melts  at  ^'^^►-iOO''  C. 

Aiiion^t  ibc  pcutWM  we  Imvu  ribote.  obtaliLvii  on  ibe  rtiiiiclion  of  llie  lactone 
Til»uic  nclJ,  wbicb  1«  produced  from  ambojiic  iioid.    Wi'tmnoM,  which  used  to  IiccRllcd] 
lioduicite,  ia  h  nui'tliylpi-iiloiite,  CiHhO*,  kuO   is  obuUoed  from  diftereDl  glue 
(qucrciUu,  xiiutborbiuiiolD,  etc.). 

Heioses  (C.H„0.). 

The  most  important  and  best-known  simjde  sugars  belong  to  this  groop^ 
tmd  the  rentaiuiug  bodies  considered  as  carbohydrates  (with  the  exception 
of  arabinose  and  inosite)  are  anhydrides  of  this  groap.  Certain  hexoses, 
such  as  dextrose  aud  Icvnlose,  occur  in  nature  already  formed,  while  others 
are  produced  by  the  bydrolytic  splitting  of  other  more  complicated  carlK>- 
hydrates  or  glticosides.  Others,  sach  as  mannose  or  galaatosa,  are  formed 
by  tbe  bydrolytic  cleavage  of  natural  products;  while  some,  on  the  contrary, 
eitcb  as  gulose,  taloae,  and  othorB,  are  obtained  only  by  artificial  means. 

All  hexoses,  as  also  their  anhydrides,  yield  lemlinic  aoid,  C,n,0„ 
besides  formic  acid  aud  humus  substances,  on  boiling  with  dilute  mineral 
»cida.  Some  of  the  hexoses  are  fermentable  with  yeast,  while  the  artificially 
prepared  hexoses  do  not,  or  at  least  only  with  great  difllculty  and  incom- 
l)letely. 

Home  hexoses  are  aldoses,  while  others  are  ketoses.  Belonging  to  the 
first  group  we  have  mannosb,  glucose,  guwjse,  galactose,  and  talosb, 
^«iul  to  tbe  other  LRvrLOSR,  and  poasiMy  also  sobbikobe.  We  differentiata 
between  the  d,  1,  aud  i  modifications,  for  instaaoer  d-,  1-,  and 
i-glncose ;  hence  the  number  of  isomers  is  very  greftt. 
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The  most  important  Rvulliesca  of  the  carbohydrates  huve  be«n  made  bj 
E.  FisrnFR  and  bis  pnpila  chiefly  within  the  membera  of  the  hexoee  gronp. 
A  short  Eummarj  of  the  syntbeaes  of  liezoses  is  giT^in  below. 

The  first  ArU&cial  prvparntioa  of  clucose  was  made  by  Bctlehov.  Ob  titslin; 
liioxym<rlbylpi),  •  polymvr  or  furuiuUleUyiU-.  wiili  Umo-wnler  li*:  obtaiiicd  a  fninily 
lwer;liHh  liriip  call«l  methj/ltnit-m.  Ix>t:w  '  litlrr  ikMninid  n  tiitxiure  of  Hcrernl  sugars, 
fmm  Mblvb  lid  Isotnlcil  ii  fcriucntiililv  su^ai.  cn'.kd  meihoar,  by  uoiult-utstltun  o* 
formaldcbydc  id  tUc  presence  uf  txu^'S.  Tliv  lunst  iinportaut  and  comi^rebeDsive  syo* 
Uhhks  of  aurar  li&re  berti  [nefortned  by  E.  I'I^her.' 

ThcBlartinff-poiDt  of  tbcHf  aytithes^  \»  a-acroBe.  nblvb  (M.-ciini  as  a  rondenution  prod- 
DCt  of  foruiolueliydr.  TLo  Diiuie  ifAcrose  hn»  lit-en  {;ivi:ii  to  lids  body  brutuav  it  is 
obtainnl  from  iicnileln  bromiilu  liy  ibo  acilun  of  hnsi-s  iFii^ciiKlt).  It  \?  nl»()  oblafned 
admlKid  vfiih  fi'turote  on  the  onidallon  of  (rlyrcHn  witli  Uroniinc  In  itte  prewuct!  of 
sodium  cart>oDatc.  and  (roiliug  Ihv  lesuUiiift  iiiixltin'  \\it)i  alkali.  On  the  oxiilntlon  with 
br.>nilnc  a  niixuire  of  glycerin  oUebydf.  f'II,(tH.Cli((>Hl  CHO  (irid  d^.xyttfcloiie. 
CH.i;0Ul.(.'0.C'H*OIl,  is  obtained.  These  two  lioill^s  may  be  considered  aa  true  f>ugnr- 
flycerosM  or  triotes.  It  aeemt  u  if  a  condeiisaitoii  lo  bexnsrs  lakes  place  oti  ireslmcDt 
witb  alkallea. 

ff-acrose  may  be  Isolated  fnnn  the  above  mixture  ami  (tblafned  pnre  by  first  convert- 
la^  It  Into  it*  OnUod  arid  tbcD  rrtmnsforniing  tbU  loto  tbexii^ar.  t-ncroK  ift  {ilentlcal 
wilU  i-I«TuI'jiW!-  Willi  yea»l  one  half,  tbw  lievyjrvialc  <!-levulo8e  femienlji,  wbilt  Ibt;  dcx- 
IrDiirtntL-  Mcviilou:  rtiiiuiufi.     The  I-  and  I-IlvuIu'ii:'  iiiuy  l»e  pre)Miii-(l  in  [lih  «ay, 

On  the  iPiiuctioQ  of  a-ocroiie  we  obtain  0[-ACiil,  mUIcIi  Is  frl«nllciil  v[ib  Umunnite. 
On  iixidnliuu  of  i-iuannlle  wcobliiu  1  niunuOHC.  fjoin  whicli  only  t-n)iiiiii<i.sr  Ktriaiiii  ou 
fcrmciitiitli^u.  On  fnitbcr  oxidation  of  i-ii)ititD04e  U  yieMs  i>iniiniiouiciicid.  TIil- Iwu 
Bctlvi;  mnniionlc  uc-idfl  niny  lie  M'lvaniti-tl  from  cucli  oilier  by  tliv  fniullunnl  rry«lalli7.ation 
of  ibtir  siryclinin  or  morphin  sidia.  The  two  corrcspondm^  uianuoovs  uiny  bu  obltUued 
front  tbftw  1^m>  acltle,  d-  and  l-niiinnunic  uc\tU,  bv  rednrlioD. 

d  lerulosG  {9  obtniui.-<t  fnini  dmniinosc  by  l&c  nuiliud  eivi-n  on  pnpc  74,  tntiTirtbo 
OMioo  Its  an  1 1)  term  c-d  late  step.  The  d-  and  1-mannonlc  acldi  arc  pai-ily  c-nvL-rti-d~liJto 
d-  and  l-);la<»ii!c  acid  nn  livaiinc:  wlih  rbinolin,  and  il-  nr  l-^hii'OH(>  in  oltiaincd  011  iho 
retlitctlnn  of  tliewacIdK.  l-ghtcow  i^  bo)i(  pri-piind  from  l-Mriib[nose  by  menu «  oT  the 
cmnfaydrtn  reactiiyn,  iislnc  l-plurnnin  arid  ati  ibe  Inlermediiile  alep,  'tin-  nmiblnalloD 
of  U  atid  d-Eliicf>nic  add,  forming  l-trlnconlc  add,  ylt-lds  l-gliico«eon  rcdnciron. 

TIte  artiliciiil  preparation  of  nugars  by  niruiiK  of  oondeaHalioti  of  farninldehydc  baa 
recelred  spct-inl  {nicrest  becniisi?,  nri'ordlng  to  Bartrr's  aMlmllatfon  liypol bt-Mlx  of  pUnta, 
foromUlefaydo  is  fir^l  formed  by  ibe  rediiccioi]  of  carbon  di<isid«.  mid  ibe  sn^ars  me  pro- 
dticcd  by  lliecondi-nHHliou  of  tlils  finniiibli-liydi'.  JlnKtiiiNV  '  liat  ulinwn.  hy  special  ex- 
p>-riinctiia  Of)  atgiE  tipirogym,  that  formnldrbydc  s'^iliiim  siilphllc  wns  »]A\l  by  ibe  living 
algiK  KvUs.  Tbu  f iirmaliltiby lie  set  free  la  itumedtaidy  «>ijdvtiMd  to  uirbobyiirato  and 
prccipiintvd  as  etarcb. 

Among  the  hexoRes  knovn  at  the  present  time  only  dextrose,  ]ev-n1oB«, 
and  galactose  are  reully  of  pliysiological  chemical  interest;  thcreforo  the 
other  hexo803  wilt  only  be  incidentally  mentioned. 

SextroK  (d-glncose),  olycose,  (iRAPE-sroAR,  and  diabetic  sugar, 
occurs  abiindautly  in  the  grape,  and  also,  often  accompanied  with  levuloee 
(d'fructiiee),  in  honoy»  sweot  fraits,  aeeds,  rnola,  etc.  It  otionra  in  the 
iotestiual  tract  during  dif^estion,  also  in  small  qiiaatities  in  the  blooil  and 
lyuph,  aod  as  traces  in  other  animal  fluids  and  tisaneg.  It  only  occnrs  aa 
traoes  in  urine  nnder  normal  conditions,  vhile  in  diabetes  the  quantity  is 
Tary  large.     It  is  formed  in  the  hydrolytio  olearage  of  starch,  dextrin,  and 

t  Butlerow,  Add.  d.  Cb«m.  11.  Pharin.,  B.  ISO;  Oompt.  rtud.,  5&:  O.  Loew.  Joum. 
t.  pnkt.  Cbem.  (N.  P.),  Bd.  33,  and  Itvr.  il.  dvulacb.  cbein.  Qesvllai'b..  Bdd.  30,  31,  S9. 
■  B«r.  d.  deutacb.  cbem.  Oesellach..  Bd.  SI,  and  1.  c,  page  73,  tUle  book. 
>  Blolog.  Ceotralbl.,  Bd.  12,  6.  831  aud  481. 
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Other  compound  carbohjdrutes,  as  also  in  the  Bplittlog  of  glucoeides.  That 
(loxtrosc  can  be  formed  from    protet<3s   iu   tlie  naimal  body  follows  from 

Bcvoral  obsenations  aod  eapecially  bj  the  experience  ia  serere  fomu  of 
diabetes. 

J'roperiies  of  liextrose.  Bextroae  crystallizea  Bometimes  with  I  mol. 
water  o(  crystallization  in  wiirty  masses  or  small  leaves  or  plates,  and  eome- 
tim&i!  wliea  free  from  vater  In  needles.  The  sugar  containing  water  of 
cryytallizatioii  ntelts  even  below  100^  C.  and  loses  its  water  of  cry b tall izat ion 
at  110"  C.  Tiio  anhydrous  sagar  melts  at  146°  C,  and  is  converted  into 
glucosan,  C\H,,0^t  at  1?0°  C.  with  the  eliminalLon  of  water.  On  strongly 
heating'  it  is  converted  into  caramel  and  then  decomposed. 

(irape-sagar  is  readily  soloble  in  water.  This  solution,  which  is  not  aa 
B^reet  as  a  cane-sngar  Boltition  of  the  same  strength,  is  dextrogyrato  and 
sliowa  strong  birotation.  The  specitic  rotation  is  somewhat  dependent  npoa 
conceutnitiou  of  tlia  solntiou,  but  the  sjiecilic  rotation  of  a  watery  solution 
of  1-15,<S  anhydrous  dextroaa  at  -}-  20"  C.  may  be  considered  as  -J-  5'i°.6. 
Dertroee  dissolves  sparingly  in  cold,  but  more  freely  in  boiling  alcohol. 
lUO  parts  alcohol  of  sp.  gr.  O.S!}?  disaoWes  1. *.)■'>  parts  nnliydrona  glucose  at 
-|-  17*.  6C.  and  27.7  parta  at  the  boiling  temperature  (Anthon  •).  Glucose 
is  insoluble  la  ether. 

Ill  i't;giir<l  to  llie  incHliflcnilons  or  (lexLrose.  llielr  solubilities  and  specific  rotaUou,  we 
Tanbet(1.  c.) 

If  an  alcoliolic  canstjc-alkali  solution  is  iwMed  to  nn  alcoholic  solution  of 
ghioose,  &n  aniorphoos  precipitate  of  iusolnble  alkali  componnd  is  formed. 
On  warming  this  compound  it  deconipoacs  easily  with  the  formation  of  a 
yellow  or  browuiah  color,  wliicli  is  the  basia  of  Moorb's  test.  Dextrose 
forms  also  componuds  with  lime  and  baryta. 

31oorb'3  Test.  It  a  glucose  solution  ts  treated  with  about  ^  of  its 
Tolume  of  caiistlu  potash  or  soda  and  WHrnjed,  tlie  solution  becomes  6rst 
yellow,  then  orange,  yellowish  brown,  and  lastly  dark  brown.  It  has  at  the 
same  time  a  faint  odor  of  caramel,  and  this  odor  is  more  pronoanced  on 
acidification.' 

filucose  forms  many  crystallizablo  combinations  with  NaCl,  of  which 
the  easiest  to  obtain  is  ((J4U,,0,),.Na<Jl  -f-  II^O,  which  forms  large  colorless' 
aix-sided  double  pyramids  or  rhomboida  with  IS-iO-i  NaCl. 

Glucose  in  neutral  or  very  faintly  acid  (by  ati  organic  acid)  solntion 
passes  into  alcoholic  fermentation  with  beer-yeast,  C\II,.0,  ^  2C,II,.0II 
-|-  ^CO,.  Besides  the  alcohol  and  carbon  dioxide  there  are  formed,  espe- 
cially   at   higher    temperatures,    sumll    (|uantities   of  homologous   alcohols 


'  Cited  from  Tollcns'  Handbucli. 

*  Iq  rc},iiril  to  tbe  products  foriueU  lu  tliU  rvactluo,  see  Framm,  PflUger'a  Arrli..  IVt. 
CI.  a»J  cspccbilly  Gaud,  Compt.  rend..  Tome  119. 
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(amjl'ttlcohol),  gWcerin,  and  SQCcinic  acid.  In  the  preeenc«  of  acid  milk 
or  cbeeM  the  grape-sngar  passes,  eepeciallj  in  the  presence  of  a  base  such 
as  ZnO,  or  UaCO, ,  into  lactic-acid  ferinentation.  The  lactic  acid  maj  then 
farther  paas   into   butjric-acid    fermentation:    2C,II,0,  =  0,11,0, -|- SCO, 

+  4n. 

Grape-sngar  reduce*  several  metallic  oxides,  sach  as  copper  oxide 
bismuth  oxide,  mercuric  oxide,  in  alkaline  solutions,  and  the  most  impor- 
tant relictions  for  sugar  are  based  on  tlitB  fact. 

TuuiiMER'a  test  ia  based  on  the  property  that  glucose  possesiies  of 
reducing  copper-hydratcd  oxide  in  alkaline  solution  into  suboxide.  Treat 
the  glucose  solution  with  aboot  {-  \  vol.  caustic  sciU  and  then  carefull^r  add 
&  dilute  copper-sulphate  soUilion.  The  copper-hyd rated  oxido  is  thereby 
dissolved,  forming  a  beautiful  blue  soluticn,  and  the  addition  of  copper 
onlphale  ia  continued  until  a  verj  small  autountof  hydrnto  remains  undis- 
Bolred  in  the  liquid.  'I'his  is  now  varmed  and  a  yellow  liydrated  snlioxide 
or  red  suboxide  6ej>araieB  even  beloir  the  boiling-potnt.     If  too  little  copper 

'Bolt  has  been  added,  the  test  will  be  yellowitth  brown  in  color  as  m  Mooke^s 
it;  but  if  an  excels  of  copper  salt  has  been  added,  the  exce^-s  of  liydrate  is 
converted  on  boiling  into  a  dark-broirn  hydrate  which  interferes  with  the 
test.  To  prevent  these  diflicultiee  the  so-callctl  Fi-:HLiNo'!i  solution  may  be 
employed.  This  reagctib  is  obtained  by  mixing  before  neo  equal  volumei  of 
an  alkalino  solution  of  Uoclicllo  e&lt  and  a  copper-aulphate  solution  (see 
Qnantitativc  Kstinmtion  of  Sugar  in  the  Trine  in  regard  to  concentration). 
This  solution  ia  not  reduced  or  uoticeally  t-liangwl  by  boib'jig.  The  tartrate 
holds  the  ezoess  of  copjier  oxyhvdrate  in  solution,  and  an  excess  of  the 
reagent  does  not  interfere  in  the  performance  of  the  test.     In  the  presence 

^of  sugar  this  solution  u  reduced. 

IJorrnEit-ALJiEX's  test  is  bused  on  the  proi»erty  glucose  jweseases  of 

^redncing  bismuth  oxide  in  alkaline  solution.     The  reagent  best  adajited  for 

'this  purpose  is  obtained,  according  to  Xvlanuku's  '  modification  of 
AiJdKN*i>  original  test,  by  dissolving  i  gnne.  Hochelle  salt  in  100  parts  10^ 
caustic-soda  solution  and  adding  2  grnis.  blamatb  snbnitrate  and  digesting 
on  the  water-bath  until  as  much  of  the  bismuth  ealt  is  dissolved  as  possible. 
If  a  glncoeo  solution  ia  treated  with  about  ^^  vol.,  or  with  a  lai^r  quantity 
of  the  solution  when  large  tjoantities  of  sugar  are  present^  and  boiled  for  a 
few  minutes,  the  solution  becomes  first  yellow,  then  yellowish  brown,  and 
, lastly  nearly  block,  and  after  a  time  a  black  deposit  of  bismuth  (V)  Betttcs. 

'I'be  property  of  dextrose  of  reducing  an  alkaline  solution  of  mercury  on 
briiling  is  the  basis  of  Knapp's  reaction  with  alkaline  mercuric  cyanide  and 
of  Sacubsb*8  reaction  with  an  alkaline  potassinm-mercnric  iodide  solntion. 
On  heating  with  PHBNVLHTnitAzix  acetate  a  dextrose  solution  gives  a, 
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precipitate  coDs'isting  of  fino  yellow  cryatalHne  needles  wbicK  are  neaff 
iiiHoluble  in  water  but  eolablo  in  boiling  alcohol,  and  which  eoparato  Agarn 
on  treating  the  olcobolJc  eoLution  with  water.  The  crjatalline  precipitate 
COQsiata  of  phenylglucosaione.  TIub  coinponiid  melts  wlien  pure  at  204- 
205='  0. 

Glaoose  ia  not  precipitated  by  a  lead-acetate  solotion,  but  is  almost 
completely  precipitated  by  au  amrnoiiiocal  baeic  lead-acetate  solution.  On 
wurmiiig  the  precipitate  boconies  flesh-color  or  ro«e-red  (Rrjis'ER's 
reaction '). 

If  a  watery  Bolution  of  grape-sugar  is  treated  with  Blnzoyl^chlouilie 
And  an  cxceES  of  catistii)  boiIii,  and  shaken  until  the  odor  of  benzoylchlorido 
baa  disappeared,  a  precij>itate  of  benzoic-acid  enter  of  glucose  will  be  pro- 
doced,  which  is  insoluble  in  water  or  alkali  {Baumahn"). 

If  ^-1  c.c.  of  a  dilute  watery  solution  of  glncoso  is  treated  with  a  few 
drops  of  a  \h%  alcoholic  solution  of  a-naphthol^  the  liquid  ia  colored  a 
beantifol  violet  on  tlie  addition  of  \-l  c.c.  concentrated  snlphnric  acid 
^MoLiscH  *).  This  reaction  depends  on  the  fonnation  of  furfnrol  from  the 
sugar  by  the  action  of  tho  sulphuric  acid. 

Di\zoi!Bfizoi.-isrLPnoMO  ACID  gives  Willi  &  iJoslrose  solution  ninilo  nlkiilirte  witb  & 
fixed  filkali  a  rcil  coloi',  iift<:r  10-15  mliiulcs  giacliinll^cbangiug  to  violet.  OitTnoHiTito- 
puKNYL-t'iiorioiJc  ACID  vjelits  iii()t|;o  wlten  Vtilcxl  with  n  siiiitll  rjunntily  ot  sugitr  and 
•odium  carlKiiinic.  nod  ibiu  Ib  convened  Into  fn<iij;r>.wbito  liy  an  (^xcea3  of  siii!:Ar.  An 
nlltuIiDc  Koliilioii  (if  grape-sugnr  b  colored  deep  red  ou  beluj;  warmed  with  a  tllluie  aolu- 
Hon  at  iMCHic  AClu. 

A  more  complete  description  as  to  the  performance  of  these  soTeral  tests 
irill  be  given  in  detail  in  a  (tiihsequent  chapter  (on  Uie  urine). 

Dextrose  is  prepared  pure  by  inverting  cane-sugar  by  the  following 
simple  method  of  ^oxulet  and  Tcllens,  being  a  modification  of 
Scu^VAHz's*  method: 

Treat  12  litres  90:<  alcohol  with  480  c.c.  fnming  hydrochloric  acid  and 
warm  to  45-50°^  C. ;  gradually  add  4  kilos  powdered  cane-sugar,  and  allow 
to  cool  after  3  hours,  when  all  the  sagar  will  have  dissolved  and  been 
inverted.  To  incite  crystalliKation,  some  crystals  of  anbydrotis  dextrose  are 
added,  and  after  several  days  the  crystals  are  sncked  dry  by  the  air-pnmp, 
washed  with  dilute  alcohol  to  remove  liydrochloric  acid,  and  crystnllized 
from  alcohol  or  methyl  alcohol,  .\ccording  to  Toli-en's  it  is  beet  to  dissolve 
the  sugar  in  one  half  its  weight  of  water  on  the  water-bath  and  then  add 
donhls  this  volume  of  ftO-Sfi*  alcohol. 

In  detecting  dextrose  in  aoimxtL  fluids  or  extracts  of  tissues  we  ra&j 
tnake  nse  cf  the  above-mentioned  redaction  tests,  the  optical  detenninEtion, 

•  ZeitMlir.  f.  Biologfe.  Bd.  20. 

■  Ber.  d.  deuUch.  cbem.  QcKllscb.,  Bd.  IS ;  ftlto  Kneoy.  ZcEtscbr.  f.  phy»k>l.  Cbem.. 
Bd.  U. 

■  Monatshefte  f.  Cbem.,  Bd.  7.  and  Cemralbl.  f.  A.  ro«d.  WlsMnsch..  1887.  a  M 
aDd49. 

*  Tolteos'  Bandbucb  der  Kohlebydrtlc.  3  Aufl.,  S.  89. 
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the  fermentation,  and  phenjlhydrazin  tests.  For  the  qnantitativc  estima- 
tion the  reader  is  referred  to  the  cliapter  on  urine.  Thoeo  liqaids  ronuiin- 
itig  prot«iilft  mnst  tir»t  hare  these  remored  by  coagnlation  ir<th  heat  and 
Lftddttion  of  acetic  acid,  or  hy  precipitation  with  nlcnliol  or  metallic  snlts, 
before  testing  for  deitroee.  Id  regard  to  the  difficaltieB  of  operating  with 
hlood  and  serons  flntds  we  refer  the  student  to  the  works  of  ScuexK, 
UuiiMANX,  Abeles,  and  Sbecbn.' 

Tlip  gvloMi  arc  stervo-tsonteni  or  di^strosG  aad  maj  be  prcpnm]  artitlciiUly.  d-nilose 
i<  oUlaiiietl  on  ilie  inluclioii  of  d-guluufc  add,  wbicli  U  derived  oa  itio  reductlmi  ol 
{■lycuroiiic  acid  i»ee  Ptiapleroti  urlti^. 

■asaom.  — rf  >n<iUfi<w.iiUo  called  Kminote.  Is  obtained  wltli  d-levuloee.  on  (li«  careful 
fi\i'iiitii>ii  of  d  itiariDilL-.  It  is  nlw  oljtHitivd  on  tbc  hydrolysis  of  uatural  uirlitiliydmles. 
Biirh  lis  \>s.U\i  slime,  and  reserre  cellulosi!  (especially  fmm  ilie  sliaTings  from  tiie  imry- 
mill.  Il  isdeatro  rot&toiy.  rviidily  fenii<;iil«  wltli  bv«r  y«ft«l, |fST<-ii a  liydrasoD  not  rcadiljr 
siilitldr  iD  water,  and  an  osazon  whlcti  la  IdciUical  wllli  llinl  iroin  d-gliicuw. 

LevDlose,  also  called  i>-fructosb,  FRcriT-stroAn,  occnrs,  as  above  stated, 
mixed  witli  dextrose  extensively  distrilmted  in  the  plant  Itingdoni  and  also 
in  honej.  It  is  formed  in  the  hydrolytic  cleavage  of  cane-Rngar  and  other 
carbohydrates,  bat  it  is  readily  obtained  by  the  liydrolytic  splitting  of 
innlin.  In  extraordinary  caaca  of  diabetes  mellitna  wo  find  levuloae  in  Uie 
'arine.  This  sngar  has  won  special  dietetic  importance  in  diabetes  on 
account  of  its  being  readily  assimilated. 

Levnlose  crystallizes  witli  ditVicnlty  in  needles  partly  anhydroos  and 

partly  containing  water.     It  is  readily  soluble  in  water,  hut  nearly  insoluble 

in   cold  absolnte  alcohol,   though  rather  readily  in  boiling  alcohol.     Ita 

watery  aolutiou  is  iTVOgyrate,  but  the  statemeuta  in  regard  to  the  specific 

llotatiou  are  ijuite  variable.     liorulose  ferments  with  yeast,  and  gives  the 

inie  reduction  tests  as  dextrose  and  alfto  tie  same  osazone.     It  gives  a 

[oombination  witli  lime  which  is  less  soluble  than  the  corresponding  dextrose 

i^oombi nation.     Lovnioso  is  not  precipitated  by  sugar  of  lead  or  basic  lead 

}tate. 

Leralose  does  cot  reduce  copper  to  the  same  extent  as  dextrose.  Vnder 
similar  conditionn  the   reduction    relationship   of   dextroiie  to   lorulose   is 

100 :  n.m. 

In  detecting  levulose  and  those  Tarieties  of  eagar  which  yield  lovulose 
on  cleavage  wo  make  nse  of  the  following  reaction  suggested  by  Seli- 
WANorp.  QuicVly  warm  a  solution  of  rcsorcin  in  medium  dilute  hydro- 
chloric acid  witli  levulose  when  the  liquid  becomes  beantifnlly  red  and  a 
precipitate  settles  which  dissolves  in  alcohol  with  a  beautjfnl  red  color. 
Use  a  mixtnre  of  1  vol.  hydrochloric  acid  and  'i  vols,  water. 

Fmctose,  as  above  stated,  is  best  obtained  by  the  hydrolytic  cleavage  of 

Innlin,  bj  warming  with  faintly  acidulated  water. 

ftorbioM*  (ftOf  biu)  it  nbtttiiied  from  the  jidct>  of  tlie  berry  of  tlie  luniiutalu  ash  iiudiT 
evrtain  coodiiloiis.  Il  Ix  cryttialliiie  uiid  ts  la-voj^mti-,  and  fa  converted  inlosorhil  bjr 
aadncdcm  :  lieocc  It  aoctni  lo  lie  a  k«lORe  wbicb  Is  itcreo-lsoinerlc  vllb  fnicloae. 

'Sclienck.  PflOgefs  Arcli.,  B.I.I.  4fl  and  47;  ROhmnnii.CentTalbl.  f.  Physiol..  Bd.  4t 
A»«elM.  Z«il»cbr.  t.  pbysiol.  Clicni.,  Bd.  15  :  Bw^tn.  Ctulralbl.  f.  Pliysinl..  Itil.  4. 
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Oalactote  (uot  to  be  mistaken  for  lactose  or  milk-sufror)  is  obtained  on 
the  hydrolytic  cleavage  of  milk-Bugar  and  by  hydrolysis  of  many  other 
carbohydrates,  especially  rarieties  of  g'Qiaa  and  slime  bodies.  It  ia  also 
obtained  on  hejUing  cerebriii,  a  iiltrogcnized  gliicoside  prepared  from  the 
brain,  with  dilnta  niinernl  nciils. 

It  crystalllzeGi  iu  needles  or  leaves,  frhich  melt  at  IGS*^  C.  It  is  some- 
what leM  Boluble  tlmn  dextrose  in  water.  It  is  dextrogyrate,  and  shows 
mtiltirotution.  It  fcriiieiitti  with  yeast,  altlmugh  slowly.  It  is  femiente^l 
by  a  hi rge' number  of  varieties  of  yeast  (K.  FisnnER  and  TiiiKKPELnKK) 
but  not  by  floccharomycefl  apicnlatns,'  wbich  is  of  iiuportaDce  in  physio- 
logical chemical  invoatigatione.  Galactose  rediicea  Fi:iJ  lino's  solution  to  a 
less  extent  than  dextrose,  and  10  c.c.  of  tliis  solution  are  reduced,  according 
to  SoxiiLET,  by  0.0511  gm.  galuctove  in  1^  solntion.  Ita  phenjioeazon 
melts  at  103"  C,  and  is  soluble  with  difficulty  in  water,  hut  relatively  easy 
in  hot  alcohol.  Its  solution  in  glacial  acetic  acid  is  oi>tically  inactive. 
With  the  test  with  hydrochloric  acid  and  phloroglucin  galactose  gives  a 
color  similar  to  the  pentogcs,  bat  the  solution  does  not  give  the  absorption 
spectrum.  On  oxidation  it  first  yields  galactonic  acid  and  then  mucio  acid. 
Both  1-  and  i-galactoae  have  been  artificially  prepared. 

Talu«  Is  a  stigur  whirli  Itt  uniJiviiiny  pi^pnrod  bv  llio  rcilucliou  of  IiiIodL-  add. 
I^loiiic  ricid  is  obtiUDCcI  from  d-gnlactoDic  »cid  by  licaCiDg  it  wltb  chioolia  or  ]>jridiii  to 
140-150'  C. 

I>iM»«'(*hariiloH. 

Some  of  the  varieties  of  sngar  belonging  to  this  group  occur  ready 
formed  in  nature.  Thus  we  have  cane-sugar  and  milk-sagar.  Some,  on 
the  contrary,  such  aa  maltose  and  ieomaltoae,  are  produced  by  the  partial 
hydrolytic  cleavage  of  complicated  carbohydrates.  Jeomaltose  ia  besides 
this  also  obtained  from  glucose  by  reveraion  {see  below). 

The  di^acchurides  or  hexobioses  are  to  be  considered  as  anhydrides^ 
derived  from  two  monosaccharides  with  the  exit  of  I  mol.  water.  Corre- 
epondiug  to  this,  their  general  formula  is  C,,H„0|,.  '  On  hydrolytic 
cleavage,  on  the  addition  of  water,  tliey  yield  two  molecules  of  liexoses,  and 
indeed  either  two  molecules  of  the  same  hexose  or  two  d  Liferent  bezoaea. 
Thai: 

Can«-Bugar  -|-  U,0  =  glucose  -|-  levnloee; 
Maltose       -|-  H,0  ^  glucose  4-  glucose; 
JUilkHitugar  -(-  U^O  =  glucose  -|-  galactose. 

The  levulose  turns  the  polarized  ray  more  to  the  left  than  the  glucose 
doea  to  the  right;  hence  the  mixture  of  hexoaes  obtained  on  the  cleavage  of 
cane-sngar  has  an  opposite  rotation  to  the  cane-sugar  itself.  On  this 
Account  the  mixture  is  called  iktert  suqar,  and  the  liydrolytic  splitting 
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18  dHignstod  u  inwrtion.  This  term  inversion  ia  not  onJy  uud  for  the 
splitting  of  cane-sugar,  hut  is  vAm  used  for  the  liydrol^vUc  cleavage  of 
compound  sugars  into  inonosacchariileR.  The  rererse  reaction,  wherebj 
monosaccharides  are  condensed  into  coniplicatod  carbohydrates,  la  called 
reversion.  A.  C.  IIill'  has  shown  that  the  cleuTiige  ot  maltose  by  the 
enzyme  maltaae  ie  a  convertible  process  as  a  sugar  fonnatiou  of  maltose 
from  glacose  takes  place. 

We  subdivide  the  disaccharidea  into  two  gronps.  One,  to  which  cane- 
■ngar  belongs,  where  tlie  members  liave  not  the  property  of  reducing  certain 
metallic  oxides.  The  otlier  group,  on  the  contrary,  to  which  the  two 
maltoses  and  niilk-augar  belong,  the  members  act  like  monosaccharides  in 
regard  to  the  ordinary  reduction  tests.  Tlio  members  of  this  last  gronp 
have  the  character  of  aldehyde-alcohols. 

Cane-sugar  or  Saccuaicusi:  occurs  extensirely  distributed  in  the  plant 
kingdom.  It  ooctirs  to  greatest  extent  in  the  stulk  of  the  sugar-millet  and 
sugar-oane,  the  roots  of  the  sngar-beet,  the  trunk  of  certain  varieties  ot 
palms  and  maples,  in  carrots,  etc.  Cane-sagar  is  of  extraordinarily  great 
importance  ae  a  food  and  comliment. 

Caae-sngar  fomis  largo,  colorless  monoclinic  crystals.  On  heating  M 
melts  in  the  neighborhood  ot  lOO"  C,  and  on  heating  stronger  it  turns 
brown,  forming  so-called  caramel,  It  dissolves  very  readily  in  water,  and 
according  to  Scueibler*  100  parts  saturated  sngar  solution  contains  Q7 
parts  sngar  at  20°  C-.  It  dissolves  with  dlfficnlty  in  strong  alcoliol.  Onne- 
sagar  is  strongly  dextro-rotatory.  The  speciilo  rotation  is  only  slightly 
modified  by  concentration,  hot  id  markedly  changed  by  the  preeeuoe  of 
other  inactive  substances.     Tiie  specifio  rotation  ia  {n)]>=  -f  f^if.b. 

Cane-ingar  act«  indifferently  towardi^  DiIoore's  test  and  to  the  ordinary 
reduction  tests.  It  doea  not  ferment  directly,  but  ferments  after  invenioa, 
which  can  be  brought  about  by  an  enr.ym,  invertin,  contuiited  iu  the  yeast. 
An  inversion  of  cane-sugar  also  takes  jdaco  in  the  intestinal  canal.  Con- 
centrated sulphuric  acid  blackens  cauc-siTgnr  very  quickly  even  at  the 
ordinary  temperature,  and  anhydrons  oxalic  nciil  nets  the  same  on  warming 
on  the  water-bath.  Various  products  are  obtained  on  the  oxidation  of 
cane-sugar,  dependent  upon  the  variety  of  oxidizing  matenul  and  also  upon 
the  intensity  of  the  aotion.  Saccharic  acid  and  oxalic  acid  are  the  most 
iniportani   products. 

The  reader  is  referred  to  complete  text-books  on  chemistry  for  the 
preparation  and  qnantitative  estimation  of  cane-sugar. 

K&ltose  (MALT-sroAR)  is  formed  in  the  Lydrolytic  cleavage  of  starch  by 
malt  diastase,  saliva,  and  pancreatic  juice.     It  is  obtained  from  glycogen 


■  TranaiicU  of  Clivm.  Snc.  ISM. 

*  See  Tollciis'  Handbiicli  (Ilt  KiiblehTdralc.  3  Aufl  ,  8.  194. 
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tinder  the  same  condiUoD^  (see  Ciiapter  \'I1]).  Maltose  is  also  prodTioed 
transitorily  in  the  action  of  sulphuric  aci<)  on  stnrcli.  Maltoee  forms  the 
fermentable  sugar  of  the  jxitato  or  grain  mash,  and  also  of  t})e  heerwort. 
It  do«a  not  ferment  directly,  but  only  after  inversion,  and  this  is  brought 
about  by  a  special  invertin,  mnltuse,  occurring  in  the  yeast-ccll. 

Maltose  crystallizcB  vith  I  niul.  water  of  cryslallizaliou  in  fine  vhit^ 
needles.  It  is  readily  soluble  in  water,  rather  eaiiily  in  alcohol,  bnt  insolu- 
ble in  ether.  Its  eolations  are  dextro-rotatory,  and  show  birotation.  Tho 
specific  rotation  is  (n')L>  —  -\-  197^.  MhUobb  ferments  readily  and  com- 
pletely with  yeast,  and  acts  like  dextrose  in  regard  to  the  rednctioa  testa. 
It  yields  pheuylmaltosazone  on  warming  with  pheuylhydrazin  for  1 J  boors. 
This  plienylmaliosazone  melts  at  206^  C  and  is  more  solnble  than  the 
g1uco6a?:oiic.  TiEaltoi^e  difTerg  from  dextro8e  cliieHy  in  the  following:  It  does 
not  dissolve  as  readily  in  alcohol,  has  a  stronger  dextro-rotatory  power,  has  a 
feebler  reducing  action  on  Fehlinu's  eolntion.  10  c.c.  Fkiilinu'3  solu- 
tion is,  according  to  Soshlet,'  re<luced  by  77.8  miUigrama  anhydrons 
maltose  in  approximately  1^  solution. 

Isomaltosc.  Thiii  variety  of  ttogar  in  produced,  as  has  been  shown  by 
Fischer,*  besides  dextrin-like  prodnets,  by  the  action  of  fuming  hydrochloric 
aoid  on  glncofte.  It  is  also  formed,  besides  ordinary  maltose,  in  tho  action 
of  diastase  on  starch  paste,  and  oi^curs  in  becrand  in  commercial  starch-sugar.' 
The  formation  of  isomaltose  in  tho  bydrolysis  of  starch  by  malt  diastase  has 
lieeii  denied  by  many  investigators  becaui^  they  considered  isomaltose  as 
contaminated  maltose.*  It  is  also  prcdnced,  with  maltose,  by  the  action  of 
saliva  or  pancreatic  jnice  (KOlz  and  Vogel)  or  blood-serutn  (ROumans') 
on  starch. 

Isomaltose  diasolTes  rery  readily  in  water,  has  a  pronoouccd  sweetish 
taste  and  does  not  ferment,  or,  according  to  some,  only  very  slowly.  It  ii 
dextro-rotatory,  and  baa  very  nearly  the  Barne  power  of  rotation  aa  maltose. 
lEomalto^e  is  characterized  by  its  osazone.  This  forms  fine  yellow  needles, 
which  begin  to  form  drops  at  140°  0.  and  melt  at  150-153'  C.  It  JK 
rather  easily  eolnble  in  hot  water  and  dissolves  in  hot  absolute  alcohol  much 
more  readily  than  the  maltosazon.  Itomaltoae  reduces  copper  as  well  aa 
biamnth  solutions. 


'  Cited  fi-om  Tolleoa'  H&ndbutli  dtr  Kolilenliydrntc.  2  Aud.,  8.  IM. 

*  Ber.  d.  (lriil»rh.  clietn.  (^rpellBcli. .  BM.  SH  anil  SS. 

»  See  LiDtDcr  aud  DQll,  ibid.,  Bd.  36,  6.  2&93 ;  Hclielbler  and  Ulllclnteler.  ibid..  Bd. 
24,  3.  SQl. 

*  Uruwn  and  Hurrit,  Juurn.  of  CLem.  SoG.,  1B05,  C'hcm.  'Nev.a.  72;  aee  siso  0«U 
Tlrich.  ami  Jolowctz.  Rcf.  In  Bcr.  d.  deiiUch.  chcm.  OcMllscb..  Bd.  88.  8.  967-968; 
Ling  sod  Baker.  Juurn.  of  C'liem.  S<»'.,  \695. 

*  Kal)'.  and  Voj^cl.  ZeEtscbr.  f.  Bfologle,  Bd.  81 ;  Bdhmooo,  CcDtralb).  f.  il,  mt-d. 
WiSMRBch..  1803.  6.  849. 
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Hilk-tog^ar  (lactosf.).     As  this  sugai'  occnrB  cxclasiTely  in  tlie  animal 

vorlil,  in  the  oiilk  of  human  boings  and  animala,  it  will  be  treated  of  in  a 

following  chapter  (ou  milk). 

TrahalMt  is  11  bvxobiosc  found  Id  fungi.  XalabiOM  Is  b  eAcxIiiirnso  DbtauK-d  witb 
d-fniclO!>e  tn  tbc  ntiriUI  tiyctrolytlr  cleavage  t>t  nflnoM  (b  liexotriosc)  m-riirriiig  Id  l>eet- 
rwt  molnucs.     jit)lebiu»:  «]>tils  Jutu  galuctuse  nuU  glucosv. 

Poljiuiccburides. 

If  we  exclude  the  hexotrloees  anU  tbe  few  renmiuiug  sugar-liko  poly- 
sacclinrides,  tins  group  iticlmit^H  a  great  iiiiiTibBr  of  verj  complex  carbo- 
hydrates, whicli  occnr  only  in  the  aniorphotiK  conilition  or  uot  aa  crystals  in 
tbe  ordinary  sense.  Unlike  tiie  bodies  belonging  to  tbe  other  groaps, 
these  have  no  sweet  taste.  Some  are  solublo  ii^  water,  while  others  swell 
up  thereiu,  especially  in  warm  water,  and  finally  are  neither  dissolved  nor 
TJaiblj  changed.  Polysaccharides  are  nltituately  converted  into  monosac- 
charides by  liydrolytic  cleavage. 

The  polysaccharides  (not  eagar-liko)  are  ordinarily  divided  into  the 
following  chief  gronps:  atarch  group,  ffuin  and  vegetable-mucilayc  group^ 
and  cellttloee  group. 

Starch  Oroap  (C,H,.0.)x. 

Starch,  AMTLcy.     (f',H„0,)x.     This  subntance  occurs  in,  the  plant 
ingdom  TOry  extensively  distributed  in  tho  different  parts  of  the  plant, 
specially  aa  reserre  footl  in  the  seeds,  roots,  tubers,  and  tnink. 

Starch  is  a  white,  odorless,  and  taatclees  powder,  consisting  of  SDiall 
grains,  which  have  a  stratified  strnctnro  and  different  shape  and  size  in 
different  plants.  According  to  the  ordinary  opinion  the  starch-grains  con- 
aiat  of  two  different  Bubstances,  htaucii  okanl'losk  and  stahcu  c:kli,u- 
ixiee,  of  which  the  first  only  gooii  into  solution  on  treatment  with  diaetatic 
enzymes. 

Starch  is  considered  insotnble  in  cold  water.  The  grains  swell  np  in 
warm  water  and  barst,  yielding  a  paste.  Starch  is  insoluble  in  alcohol  and 
atfaer.  On  heating  starch  with  water  aloue,  or  heating  with  glycerin  to 
190°  C,  or  on  treating  the  starch-grains  with  0  parts  dilute  liydrochloric 
acid  of  sp.  gr.  1.06  at  ordinary  temperataro  for  6  to  S  weeks,'  It  is  coo- 
Terted  into  soluble  starch  (AMTLOrtEXTitiN,  amiuiti.in).  Soluble  starch  la 
also  formed  as  an  iotermediute  step  in  tbe  conversion  of  starch  into  sugar  by 
dilute  acids  or  diastatic  enzymes.  Soluble  starch  may  be  precipitated  from 
Tery  dilute  aolationa  by  baryta-wiiter.* 

Sturcli-granules  swell  np  and  form  a  pasty  mass  in  oatietic  potash  or- 

■  Sec  Tolleaa'  Iluidb.,  S.  191.  lo  rcgar<l  lo  other  melliods,  sec  WrubluRRki,  Iter.  d. 
deulscli.  cbi-ti>.  GcmIIacIi..  Bd.  30;  Sytiiewjtki.  ibid. 

*  In  rrgnnl  to  tbc  oomblnatloitt  of  Mliibic  iltrcb  nod  dextriDi  witb  buriutn  bydrale,. 
wre  iniovr.  PUQgcr'B  Arcb.,  (33. 


■oda.  TliU  mass  gircs  neither  ^Muokk's  nor  Tbomueb's  test.  Starch- 
paste  does  not  fermwtit  with  yeast.  The  mofil  characteristic  test  for  etArch 
is  the  bine  coloration  jiroducetl  \ij  iodine  in  the  pr^;^e^ee  of  byilroioJJc  aciJ 
or  ulkali  iodides.'  This  bine  coloration  disappears  on  the  addition  of 
alcoliol  or  alkalies,  und  also  on  n-anning,  bat  reappears  again  on  cooling. 

On  boiling  with  dilute  acids  Etarch  is  oonverted  into  glucose.  In  the 
conversion  by  nieiins  of  diaeUitic  enzymes  we  have  as  a  rule,  besides  dextrin, 
maltose,  and  isomaltose,  only  very  littlo  glncose.  Wo  are  considerably  in 
the  dark  as  to  the  kind  and  number  of  intennedinte  products  produced  in 
thiR  process  (see  dextrins). 

Starch  may  be  detected  by  means  of  the  microscope  and  by  the  iodine 
reaction.  Starch  is  qnantitatively  e-stimated,  according  to  S.vcitst>E's 
method,^  by  conrerling  it  into  sof^ar  by  lijdrochloric  acid  and  theu  deter- 
mining the  sugar  by  the  ordinary  methods. 

Inulin,  (C,U,,OJi  +  H,0,  occurs  in  the  nndergronnd  parts  of  many 
conlpogit!I^,  eepecialiy  in  the  roots  of  the  inula  belenium,  the  tnberg  of  the 
dahlia,  the  rarieties  of  helianthns,  etc.  It  iit  ordinarily  obtained  from  the 
tubers  of  the  dahlia. 

Innlin  forms  a  white  powder,  aimilar  to  starcli,  consisting  of  sphEeroid 
crystals,  which  are  readily  soluble  in  warm  water  without  forming  a  paste. 
It  separates  slowly  on  cooling,  but  more  rapidly  on  freezing.  Ita  solntions 
are  iiuvogyrate  and  are  precipitated  by  alcohol,  and  are  only  colored  yellow 
with  iodine.  Inulin  is  converted  into  the  b'vogyrate  monoHiccliaride 
lerulose,  on  boiling  with  dilate  sulphuric  acid.  Oiastatic  enzymes  hare  no 
or  very  slight  action  on  innlio.' 

Liohettio  (Mom  btakcd)  occurs  in  mnuy  lIcbcnB.  nainely.  in  IcciuDil  mosa.  It  is  not 
Mliible  I'l  cold  water,  ttut  ewcIIb  u|i  inio  n  jelly.  It  is  eohihle  In  iiol  vnler,  formlnf  a 
jvliy  nu  rilluwltig  Hit  couccnlr&tec)  aolutioQ  lo  coo].  It  Is  coioreil  yellow  by  iodiae.  und 
yleuls  glucose- uii  boilini;  with  ililiilencids.  LkbeniD  isuat  cliangixlbydiutiitlccuzyiim 
such  as  piynllii  or  nniylopxin  (Nii.noK*). 

Glycogen.  This  carbohydrate,  which  stands  to  a  certain  extent  between 
atarch  and  dextrin,  is  principally  found  in  the  animal  kingdom,  lience  it 
will  be  treated  in  a  subKc^jueiit  chapter  (on  the  liver). 

The  Oums  and  Vegetable  Mucilages  (C,lI„Oj)x. 

These  bodies  may  be  divided  into  two  chief  groups,  according  to  their 
origin  and  occurrence,  namely,  the  dextrin  group  and  the  vegetable  ffums  or 
mucilages.  Tlie  dextrius  ataiid  in  close  relationship  to  the  starches  and  are 
formed    therefrom  as  intermediate  products  in  the  action  of  acids  and 


<  Sec  MylliiH,  Ber.  d.  dculBcli.  cliem.  GeseUacb. 

Clwiii  .  Bd.  11. 

■  Tiillcns'  Handt)..  3  AuU.,  &.  187. 

'  IM..  8.  iW8. 

*  Upsala  Ukaref.  Fnrh.,  28. 


Bd.  SO,  aDd  ZelUcbr.  t.  phyakil. 
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diiutUitic  enzymes.  The  various  kinilii  of  vegetable  gums  and  regetablft 
maciltiges  occur,  on  the  contrarj,  ju  natural  prodncts  in  the  plant  kingdom, 
and  some  may  be  separated  from  certain  plants  as  amorplioas,  transparent 
masses  and  others  may  be  extracted  from  certain  parts  of  the  plant,  each  as 
the  wood  and  needs,  h_v  projwr  solrents. 

The  dextrina  yield  as  final  products  only  hexoses,  and   indeed  oni^ 

deitroBC  on  coraplet*  hydrolysis.     The  vegetable  gnms  and  the  mucilageB 

rield,  ou  the  contrary,  not  only  liexoees,  hut  aleo  an  abundance  of  peubOMa 

;nm  arable  and  wood-gum),    d-galactoee  occurs  often  amongst  the  hexosee, 

and  as  differeatiation  from  the  dextrine  tbey  yield  mucio  acid  on  oxidation 

with  nitric  acid.     The  dextrins,  as  well  as  the  ordinary  vartelies  of  giima 

id  mucilagee,  are  precipitated  by  alcohol.     Basic  lead  acetate  precipitates 

the  gnms  and  mucilages,  but  not  the  dextrius. 

Pextriii.  (British  gnm)  is  produced  oa  heating  starch  to  300-310°  C, 
or  by  healing  Gtarch,  which  has  jireTioaily  boon  moialeuod  with  water 
oontAtning  a  little  nitric  acid,  to  100-110°  C.  Dextrina  are  also  produced 
by  the  actioQ  o{  dilute  acids  and  diastatic  enzymes  ou  starch.  We  are  not 
quite  clear  in  regard  to  the  steps  taking  place  in  the  above  processes,  bat 

■the  ordinary  views  are  as  follows:  .Soluble  starch  ia  the  fitBt  product,  from 
which  a  dextrin,  erythrodextrin^  which  is  colored  red  by  iodine,  and  sugar 
are  formed  by  liydrolytic  splitting.  On  further  cleavage  of  this  erythro- 
lextriii  more  sngar  and  a  dextrin,  achrotnierlrii'y  wliirh  is  not  colored  by 
Iodine,  is  formed.  From  this  achroodextriu  after  succeseive  splittings  wa 
lave  sugar  and  deitrina  of  lower  molecular  weights  fonned,  until  finally  we 
have  sugar  and  a  dextrin.  mti/twle.rtrin^  which  refuses  to  split  further,  na 
final  pn>duct£.  The  views  are  rather  contradictory  in  reg^ml  to  the  number 
of  dextrins  which  occur  as  intermediate  steps.     The  sugar  formed  is 

rMomaltose,  from  which  maltose  and  only  very  little  dextrose  are  produced. 
Another  view  is  that  first  several  dextrins  ore  formed  consecutively  in  the 
successive  splitting  with  hydration,  and  then  finally  the  sngar  is  formed  hj 

rthe  splitting  of  the  last  dextrin.     Other  inveatigatora  have  other  views  in 

rreganl  to  this  process.' 

Thft  various  dextrimt  have  not  as  yet  been  separated  from  each  other, 

Lnor  isolated  as  chemical   individuals.     Keceiitly   Vounii'  has  trtud   titeir 

rMparation  by  means  of  neutral  salts,  e8i>eci[dly  uiunioniam  sulphate.  We 
cannot  enter  into  the  differences  as  to  the  dextrins  so  sei>arated,  and  only 
the  characleriatic  properties  and  reactions  will  bo  given  for  tbe  dextrins  in 
general. 

'  lu  regard  to  die  various  views  on  ibo  iheorlM  or  tbe  sarchArtflciitloo  of  Slarcli,  fee 

luMTiilua  nod  Orulier.  Zc-iUclir.  f.  plifslol.  Ohem..  B^l,  3,  9.  177:  Linlnvr  mad  Pull, 
I.  c.  BJd.  26  and  28  ;  HQlow,  1,  c. :  Brown  and  ITcron.  .loiirn.  nf  rh«ni.  So«.,  1879 ; 
Rmwii  and  Morris,  ibid.,  IM    niitl  1W9. 

•  Journ.  of  Pliy«iol..  Vol.  23.  which  cooiafns  il»e  older  rewarchm  of  Name,  KrQger, 
Mi;um«i«ter,  Pnhl,  and  llalltburton  on  tbo  precipilatloQ  of  carbotiydrate  hj  aaltg. 


TSE  CARBOnTDtlATES, 

Tho  deitrina  appear  as  an  aitiorphoiis,  white  or  jellowiBli-white  powder 
which  ia  readiljr  soluble  in  water.  Their  concentrated  solations  aro  riacid 
and  sticky,  aiinilar  to  gum  solations.  The  dextrina  are  doztrogyrate. 
They  are  insoluble  or  nearly  so  in  alcohol,  and  insoluble  in  ether.  Watery 
solntiona  of  deitrinsj  are  not  precipitated  by  basic  Iwul  acetate.  Deitrina 
di&aoUe  copper  oxyhydrate  in  alkaline  li(|uld8,  forming  a  beautifnl  blue 
solution.  The  qne«tion  whether  or  not  perfectly  pure  dextrin  r«ducea 
FRiiuxd's  eolution  is  undecided.  According  to  BhCcke'  a  non-reducible 
dextrin  may  bo  obtained  by  warming  a  Boliillun  of  aohroodexlrin  with  on 
excess  of  alkaline  copper  solntiou  and  then  precipitating  with  alcohoL 
According  to  Scheibler  and  iMiriELSiEiKK'  the  deitriu  obtained  by  the 
action  of  acid  is  a  polyBaocharido  of  hu  aklehydic  nature,  hence  it  acts  us  a 
reducing  agent.  The  dextrina  are  not  directly  ferraentable.  The  boliaTior 
01  the  various  dextrina  to  iodine  Iins  been  given  abore,  but  it  must  be 
remarked  that,  according  to  Misclli  s  and  Mevkb,'  erythrodeitrin  n  only 
tt  mixture  of  achroodextrin  with  a  little  Boluble  starch. 

The  vegetable  guma  are  soluble  in  water,  forming  Bolutlons  which  are 
viscid  hilt  niuy  be  filtered.  We  designate,  on  the  contrary,  lu  vegetablft 
mucilages  tliose  varieties  of  gum  which  do  not  or  only  partly  dissolve  la 
water,  oud  which  Bwell  np  therein  to  a  greater  or  lesa  extent.  The  natural 
varieties  of  gum  and  mticilage  to  wliich  several  generally  known  and  im- 
portant Bnbstances,  sach  as  gum  arabic,  wood-gnm,  cherry-gum,  salep,  and 
qnlnce  mucilage,  and  probably  also  tlie  little-studied  pectin  Bubetances> 
belong  will  not  be  treated  of  in  detail,  becanae  of  tbeir  unimportance  from 
a  zoo-pbysiological  standpoint. 

The  Cellulose  Group  (C,H„0,)x. 

Cellulose  is  that  carbohydrate,  or  perhaps  more  correctly  mixture  of 
carboEiydratee,  wliich  forme  tlie  chief  constituent  of  the  walls  of  the  plant- 
cells.  Thia  la  tme  for  at  leaKt  the  walls  of  the  yonug  cells,  while  in  the 
walls  of  the  older  cells  the  cellulose  is  extensively  iucmsted  with  a  substance 
called  LlGNiK. 

The  tnio  cellutosoB  are  characterized  by  their  great  insolubility.  They 
are  insoluble  in  cold  or  hot  water,  alcohol,  ether,  dilute  aclda,  and  alkalies. 
We  have  only  ono  specific  solvent  for  cellulose,  and  that  \s  an  ammonincal 
solution  of  copper  oxide  called  SrnwEiTZKR's  reagent.  The  cellulose  may 
be  precipitated  from  this  solvent  by  the  addition  of  acids,  and  obtained  as 
an  amorphoas  powder  after  washing  with  water. 

Cellulose  is  converted  into  a  substance,  so-called  amyloid,  which  gives 

■  YiirU-tuuci'ii  nli«r  Plivniulogie,  Wieu,  1U7-I.  9.  281. 
>  Ber.  (1.  deuiKli-  cluni.  Oi:wIlw:li..  Hd.  S!i. 
•  Zelucb.  r.  phfxlul.  CUem..  Bd.  4,  a  461. 


CELLULOSE, 


91 


a  blue  coloralmn  vilh  ioiliue  b^  the  notion  of  oonceutreted  salpliario  itcid. 
Bv  the  action  of  strong  nitric  aciJ  or  a  mixture  of  nitric  acid  imd  coiicen- 
tnted  snlpboric-acid  cellnloses  are  converted  into  nitric-acid  estera  or  nitro* 
oeOalosee,  which  arc  highly  explo^iro  and  liave  fonntl  great  practical  use. 

The  ordinury  celluloses  when  treated  at  the  ordinary  temperatnro  with 
trong  salphnric  acid  and  then  boiled  for  some  time  after  diluting  with 
rater  are  conrerteil  into  dextrose.  Other  varieties  of  cellulose  hnrc  a 
different  beha'vior,  namely,  we  have  a  cellulose  which  on  account  of  its 
iosolobilicy  in  hot  dilnte  mineral  acids  stands  close  to  ordinary  cellaloso, 
which  yields  mannose  on  the  preceding^  treatment.  Thta  snbstance  called 
mannosc-cellalose  by  K.  SniULZB,  occarg  in  the  cofToe-bean,  aa  well  as  in 
the  cocoanut  and  Bc&ame  cake. 

EemicellalOBes  are,  according  to  K.  Scrulzb,  those  constitaeats  of  the 
cell-wall  related  to  cellulose  which  differ  from  the  ordinary  cellulose  by 
dissolriog  on  heating  with  strongly  dilated  mineral  acids,  snch  as  \.i^^ 
salpbaric  acid,  with  a  splitting  into  monosaccharides.  The  sugars  prodnced 
hereby  are  of  djiferent  kinds.  The  hemicellulose  from  the  yellow  hipin 
yields  galactose  and  urabinwe,  from  the  rye  and  wheat  bran  arnbinose  and 
xylose,  and  from  the  ivory-nut — called  reserve  cEL[.ri.08E  by  Reiss  ' — 
mannosc.  Sciiulze*  has  recently  snggestetl  to  designate  as  cellnlose  only 
the  dextrose-ceUnloses — namely,  only  those  which  cun  be  transformed  into 
dextrose.  All  other  cellnlofies  and  also  the  luaunoae-celluloao  must  then  be 
called  hemicellnlosea.  * 

The  cellulose,  at  least  in  part,  undergoes  decomposition  in  the  intestinal 
tract  of  man  and  animals.  A  closer  disctission  of  the  nntritive  value  of 
cellalose  will  be  given  in  a  future  chapter  (on  digestion).  The  great  im- 
portance of  the  carbobydratee  in  the  animal  economy  and  to  animal  meta- 
bolism will  also  be  given  in  following  chapters. 


■  Ber.  d.  deutucli.  cliem.  OeaelUch.,  lid.  23. 
*2ellacbr.  f.  pbyBlol.  Obem.,  Bdd.  16  aod  19. 
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tats  form  the  third  chief  gronp  of  the  organic  foods  of  man  i 
animals.  They  occar  very  widely  distribnteii  in  tho  noinial  and  plant 
kingdoms.  Fat  occurs  in  all  organs  and  tieanee  of  the  auimal  organiem, 
lliongh  the  rinantity  may  be  so  variable  that  a  tabular  exhibit  of  the  arnonnt 
of  fat  in  difTerent  organs  is  of  IitU»  interest.  Tlie  niarrow  containa  the 
largest  quantity,  liaving  over  D60  p.  m.  Tlie  three  most  important  deposits 
of  fat  in  the  animal  orf^anism  are  the  intermuscular  connective  tisenc,  the 
fatty  tissue  in  the  abdouuiml  cavity,  and  tho  sabcntaneoufl  connective 
tiesues.  Amongst  the  plants  the  seeds  and  fruit,  and  in  certain  instances 
altso  the  roots,  are  rich  in  fat. 

The  fats  consist  nearly  entirely  of  so-called  neutral  fata  with  only  very 
small  quantities  of  fatty  acids.  The  neutral  fate  are  enters  of  the  triatomtc 
alcohoU  glycerin,  with  nionobafiic  fatty  aoids.  Thsse  esters  are  triglyc- 
erides, that  is,  the  three  hydrogen  atoms  of  the  hjdroxyl  of  the  glycerin 
are  replaced  by  the  fatty-acid  radicals,  and  their  general  formula  is  tbore* 
fore  C',Hj.O,.R,.  The  auimal  fats  consist  chiefly  of  esters  of  the  throe  fatty 
ficids,  stearic,  palmitic^  and  oleic  acids.  In  certain  fats,  especially  in  milk- 
fat  glycerides  oljatty  acids  such  as  butyric,  caproic,  caprylic,  and  caprio 
acids  fdso  occur  in  considerable  amounts.  Bosidea  the  above-mentioned 
onlinary  fatty  acids,  stearic,  palmitic,  and  oleic,  we  also  find  in  human  and 
animal  fat,  exclusive  of  certain  fatty  acids  only  little  studied,  the  follo-ving 
non-volatile  fatty  acids,  as  glycerides,  laurio  acid,  C„H„0„  myristic  acid, 
C,jII„0,,  and  arachidio  acid,  C„1I,^0,.  In  the  plant  kingdom  triglycerides 
of  other  fatty  acids,  Buch  as  lauric  acid,  inyriBtio  acid,  linoleic  acid,  emcio 
acid,  etc.,  ttometimes  occur  abundantly.  Besides  these,  oxyacids  and  high 
molecular  alcohols  have  be«n  found  In  many  animal  fats.  Tlie  oocarrencft 
of  traces  of  these  oxyaoids  has  not  been  positirely  investigated.  The 
occnrrenco  of  high  molecnlar  alcohols,  althongh  oniinarily  only  in  small 
amonnts,  has  on  the  contrary  been  positively  shown  iu  auimal  fat. 

The  animul  fate  are  of  the  greatest  interest  iind  consist  of  a  mixture  of 
varying  quantities  of  tristearik,  trtpai.mitin,  and  triolein,  liaving  an 
average  elementary  composition  of  C  7C.5,  n  13.0,  and  0  11.5^. 
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Fats  from  cHtTerent  species  of  animals,  and  even  from  difTereob  parts  of 
the  Bame  auimal,  have  an  essentially  dilTeretit  coiifiiBtencj,  dependiug  upon 
the  reladve  amouuts  of  the  different  fats.  In  solid  fat^ — as  tallow — 
tristearin  and  tripalmiliu  are  in  excess,  while  tlio  Icds  solid  fats  are  charac- 
terized by  a  greater  ahniidaiice  of  Iripulaiitin  and  triolein.  This  lant- 
mentioncd  fat  is  found  in  j^reater  qnantitieit  proportional l,v  in  cold-bloodod 
animals,  and  this  accounts  for  the  fat  of  these  uuimala  remaining  fluid  at 
temperatures  at  which  the  fat  of  varm-btooded  animals  solidifies.  Unman 
fat  from  different  organs  luid  tissues  contains,  in  round  nnmhcra,  670-900 
p.  m.  triolein.'  The  melting-point  of  different  fats  depends  upon  tlie  com- 
position of  the  mixtures,  and  it  not  oul;  raries  for  fat  from  different  tissnes 
of  the  same  animal,  but  also  for  the  fat  from  the  same  tiesues  in  various 
kinds  of  animals. 

Neutral  fats  are  colorless  or  yellowish  and,  when  perfectly  pure,  odorless 

id  tastelesR.     They  are  ligbtor  than  water,  on  which  they  flout  when  in  a 

lolteu  condition.  They  are  insoluble  in  water,  dissolve  in  boiling  ulooliol, 
bnt  separate  on  cooling,^-often  in  crystals.  Tbey  are  easily  soluble  in 
ether,  benzol,  and  chloroform.  The  fluid  neutral  fats  give  an  emiildion 
when  shaken  with  a  solution  of  gum  or  albumin.  "With  water  aloue  they 
giro  an  emnlsion  only  after  rigorous  and  prolonged  shaking,  but  the 
emulsion  is  not  persistent.  The  presence  of  some  soap  causes  a  tery  fine 
and  permanent  emnlsion  to  form  easily.  Fat  produces  spots  on  paper 
irhich  do  not  disappear;  it  is  not  volatile;  it  boils  at  about  300°  C.  with 
partial  decomposition,  and  burns  with  a  Inminous  and  smoky  flame.  The 
fatty  acids  Iiavo  most  of  the  above-mentioned  properties  in  common  with 
Fihe  neutral  fats,  bnt  differ  from  them  in  being  soluble  in  alcohol -ether,  in 
(3iftTingftn  acid  reaction,  and  by  not  giving  the  acrolein  test.     The  neutral 

hts  generate  a  strong  irritating  vapor  of  acrolein,  due  to  the  decomposition 
[•f  glycerine,  C,1I,(0H),  —  211,0  =  C\H^O,  when  heated  alone,  or  more 
|<ualy  when  heated  with  potassium  bisulphate  or  with  other  dehydrating 

ibstances. 

The  neutral  fats  may  be  split  by  tlio  mldition  of  the  consUtuenta 
of  water  according  to  tlia  following  equation:  C,l[,(OK),  + '^ll,*^  = 
CjUjfOHj,  -f  3IKHI.  This  splitting  may  be  produced  by  steapein,  similar 
renzymes  occurring  in  the  pliuit  kingdom  or  by  superheated  steam.  We 
most  frequently  decompose  the  neutral  fats  by  boiling  them  with  caustic 
alkali  not  too  concentrated,  or,  still  better  (in  zoocbemical  researches),  with 
an  alcoholic  potash  solution  or  soiliniu  alcoholate.  By  this  procedure, 
which  is  called  saponiScation,  the  alkali  salt^  of  the  fatty  acids  (^oaps)  aro 
formed.     If  the  saponificution  is  moilo  with  load  oxide,  then  lead-plaster, 


'  Sm  Knnpfelmacher.  "  Untcnucb.  Qber  das  Ft-tl  im  Saugllogmltcr."  cic.,  Julirliiick. 
t.  KiDtlerheilkuDd«  (N.  F.),  Bd.  -i-V  wbicli  also  codUius  tbe  older  litemlurc. 
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lead-salt  of  the  fattj  acide«  is  produced.  We  do  not  only  call  the  clearage 
of  nentral  fats  hy  alkalies  saponificstion,  but  also  the  splittiog  of  nentral 
fats  into  fatty  acids  and  glycerin  in  general. 

On  keeping  fats  for  a  long  time  in  contact  with  air  they  nndergo  a 
•change,  becoming  yellow  in  color,  acid  in  reaction,  and  develop  an  nnpleas- 
ant  odor  and  taste.  It  becomes  rancid,  and  in  this  change  a  part  of  the 
fat  is  split  into  fatty  acids  and  glycerin,  and  then  an  oxidation  of  the  free 
fatty  acids  takes  place,  producing  volatile  bodies  of  an  unpleasant  odor. 
The  rancidity  is  not  due,  as  shown  by  Gaffey  and  Ritskbt,^  to  the  pres^ 
ence  of  microbes.  According  to  these  investigators  the  change  is  due  to  the 
combined  action  of  air  and  light. 

The  three  most  important  fats  of  the  animal  kingdom  are  stearin, 
palmilin,  and  olein. 

Stearin,  or  tristearix,  C.II,(C„H,.0,)„  occurs  eapecially  in  the  solid 
Tarieties  of  tallow,  but  siao  in  the  vegetable  fata. 

Stearic  acid,  C„H,,0,,  is  found  in  the  free  state  in  decomposed  pus,  in 
the  expectorations  in  gangrene  of  the  lungs,  and  in  cheesy  tubercnloua 
masses.  It  occurs  as  lime-soap  in  excrements  and  adipocere,  and  in  this 
last  product  also  as  an  ammonia  soap.  It  perhaps  exists  as  sodium  soap  in 
the  blood,  transudations,  and  pus. 

Stearin  is  the  hardest  and  most  insoluble  of  the  three  ordinary  nentral 
fats.  It  is  nearly  insoluble  in  cold  alcohol  and  soluble  with  great  difficnltf 
in  cold  ether  (225  parts).  It  separates  from  warm  alcohol  on  cooling  aa 
rectangular,  less  frequently  as  rhombical  plates.  The  statunenta  in  r^ard 
to  the  melting-point  are  somewhat  varied.  Pure  stearin,  according  to 
IIEI^*TZ,*  melts  between  +  55"  and  71.5".  The  stearin  from  the  fatty 
tissues  (not  pure)  melts  at  -f  C3°  C. 

Stearic  acid  crystallizes  (on  cooling  from  boiling  alcohol)  in  large, 
shining,  long-rhombical  scales  or  plates.  It  is  less  soluble  than  the  other 
fatty  acids  and  melts  at  69.2°  C.     Its  barinm  salt  contains  19.49^  barinjn. 

Palmitin,  TRiPALMiriy,  C,II.(C„H„0,),.  Of  the  two  solid  varieties  of 
fats,  palmitin  is  the  one  which  occurs  in  predominant  quantities  in  human 
fat  (Laxger).'  Palmitin  is  present  in  all  animal  fata  and  in  several  kinds 
of  vegeuble  fats.     A  mixture  of  stearin  and  palmitin  was  fcnnwriy  called 

HARGARIN'. 

Palmitic  acid,  C„HmO,.  As  to  occurrence,  about  the  same  nmaiks 
apply  as  to  stearic  acid.  The  mixture  of  these  two  acids  has  bem  caOsd 
margaric  acid,  and  this  mixture  occurs— often  as  very  k»ng,  thin,  exjitaniiM 
plates — in  old  pus,  in  expectorations  from  gangrene  of  the  Inngs,  eta 

*  yktarwiawuch.  Wocbenschr.,  18Mk 

*  Anoal.  d.  Chem.  u.  Pluinn..  Bd.  H.  8.  SOOl 
>  Xoiattbeftc  f.  Cbem..  Bd.  9. 
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Pdlmtthi  crystallizes,  on  cooling  from  a  vrarm  saturated  totatioD  in  ether 
or  oluohol,  in  starry  rosettes  of  tino  ncedlee.  Tho  inixtaro  of  [iiilmititi  and 
tteorin,  called  margarin,  crjatallixeSf  on  cooling  from  a  eolation,  as  Wlls  or 
roand  masses  which  consist  of  short  or  long,  thin  plates  or  neodlet!  which 
often  appear  like  blades  of  grass.  Falmitin,  like  stearia,  has  a  rariable 
melting  and  Eolidifjlng  point,  depending  upon  the  way  it  has  been  pre- 
Tionely  treated.  The  melting-point  is  often  gtren  as  -f  G2°.  According 
to  other  statements'  it  melts  at  &0.5°  C,  Bolldifle«  on  farther  heat  and 
melts  again  at  OO'.SO  C. 

Palmitic  acid  crystallizes  from  an  alcoholic  solntion  in  tnfts  of  fine 
needles.  It  melts  at  -{-62'''  C. ;  still  the  admixture  vlth  stearic  acid,  as 
Heintz  has  shown,  casentiBlly  changes  the  melting  and  solidifying  points 
according  to  the  relative  amounts  of  the  two  acids.  Palmitic  is  somewhat 
more  soluble  in  cold  alcoliol  than  stearic  acid ;  but  they  hare  about  the  same 
Bolability  in  boiUiig  alcohol,  etiier,  chloroform,  and  benzol.  Its  bariam  silt 
contains  21.17^  barinm. 

Olein,  TRK^LEiN,  C'JI^(C,Jt„0,)„  is  present  in  all  animal  fats  and  in 
greater  qitantities  iit  plant  fats.  It  is  a  solvent  for  stearin  and  palmitin. 
Oleic  acid,  klaIC  acid,  C„H,,0„  occurs  probably  as  soaps  in  the  intestinal 
canal  during  digestion  and  in  the  chyle. 

Olein  is,  at  ordinary  temperatures,  a  nearly  colorleu  oil  of  a  speoifio 
gravity  of  0.!)14,  without  odor  or  marked  taste.  It  solidities  in  crystalline 
needles  at  —  5"  0.  It  he>come8  rancid  qnickly  if  oxposed  to  the  air.  It 
diasolres  with  ditlicnUy  in  cold  alcohol,  but  more  easily  in  warm  alcohol  or 
in  ether.     It  is  converted  into  its  isomer,  blaidist,  by  nitrons  acid. 

Oleic  acid  forms  on  heating,  besides  Tolatile  acids,  sebaeic  acid, 
C„n,,0,,  ciystallizing  in  Bhining  leaves  and  melting  at  127"  C.  With 
nitrons  acid  oleic  acid  is  transformed  into  the  isomeric,  solid,  tlaidlc  acid, 
which  melts  at  4S°  C.  Oleic  acid  forma  at  ordinary  temperutiiro  a  colorless, 
tasteless,  and  odorless  oily  liqoid  which  solidiues  in  crystals  at  about 
+  4"  0.,  which  then  melt  again  at  -f  1'^°  0.  Oleic  acid  is  insolnble  in 
water,  bnt  disaoWes  in  alcohol,  ether,  and  chloroform.  With  concentrated 
lolphnric  acid  and  some  cane-sugar  it  given  a  beautiful  red  or  rethlisii-violet 
liquid  whose  color  is  similar  to  that  prodnced  in  PETTEKROPPEit's  test  for 
bile-acids.  Oleic  acid  is  an  nnsatnmted  fatty  acid,  which  can  take  up 
halogens.  On  heating  with  hydroiodic  acid  and  amorphous  phospliorus  it 
takes  up  hydr<^n  and  is  conrertcd  into  stearic  acid. 

If  the  watery  solution  ol  the  alkali  combinations  of  oleic  acid  is  precipi- 
tated with  lea<i  acetate,  a  white,  tough,  sticky  moss  of  lead  oleate  is 
obtained  which  is  not  soluble  in  water  and  only  slightly  in  alcohol,  bat  is 
soluble  in  ether.  This  is  made  use  of  in  separating  oleic  acid  from  tlie 
other  two  fatty  acids,  whose  lead  salts  are  not  quite  insoluble  in  ether. 

■  R  Bcoedlkt,  Aoalyie  der  Feite.    8  AuO.,  18B7.    S.  44. 
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A.U  acid  i¥Ut«>(l  to  oleic  ncfil.  dorovic  actp,  which  Is  solid  al  0*  C  .  liijaid  at  +  It*. 
snil  floliible  in  iilcuhnl.  is  found  [□  lUt;  blubber  of  (he  Ilaltfna  rortrata.  KiTR»ATorr^ 
liAS  dcmiiiiKlmled  itic  |tn-«;ii(-i*  of  linoU>lr  tu^itl  Iti  iIik  ful  of  Uic  ■nnriix,  siuigcuD,  aeul, 
aui]  t-vrtiiiii  filler  nitimaii.  Drying  fuls  hitve  kUo  been  foiLiul  by  AuruoB  aoJ  ZtXK'  la 
liarvB,  wEIil  mbbitH,  wilil  boar,  ami  mniiniaiii-cnck. 

To  detect  the  presence  of  fat  iu  au  &iiiiiial  tlaiil  or  tissne  the  fat  irnRt 
tint  he  oxtraoted  with  ether.  After  the  evaporation  of  the  ether  the 
r«Bidiie  is  te»tod  for  fat  and  the  acrolein  test  mast  not  he  nef^lect«d.  If  this 
test  gives  potiitivo  roeulta,  tho7i  noutral  fata  are  present;  if  the  results  are 
negative,  then  only  fatty  acids  are  present.  If  the  above  residue  after 
evaporation  gives  the  acrolein  test,  then  a  small  portion  13  dissolved  in 
111  CO  hoi -ether  free  from  iu:id  and  which  has  been  colored  bhiish  viotot  by 
tincture  of  alkauet.  If  the  color  becomes  red,  a  mixture  of  nentral  fat  and 
iatty  acids  is  present.  In  this  cftso  the  fat  is  treated  in  the  warmth  with  a 
Boda  solution  and  evaporated  on  the  water-bath,  constantly  stirring  until 
all  the  water  is  removed.  Tlie  fatty  aciOs  hereby  coinbiiie  with  the  alkali, 
forming  eoape,  while  the  neutral  fats  are  not  saponified  under  then©  condi- 
tions. If  this  mixture  of  soaps  and  neutral  fats  ia  treated  with  water  and 
then  shaken  with  pure  ether,  the  noutral  fata  are  dissolved,  while  the  soaps 
remain  iu  the  watery  solttttou.  The  fatty  acids  may  be  separated  from  tltia 
solution  by  the  addition  of  a  mineral  acid  which  suUi  the  ai^id  free, 

Tiio  neutral  fats  separated  from  the  t<oap3  by  means  of  ether  are  often 
oontaniiiiatod  with  cholesterin,  which  mnst  be  eeparated  in  (juontitative 
determinations  by  saponification  with  alcoholic  caustic  potiish.  The 
cholesteriit  is  not  attacked  by  the  eaucttic  alkali,  while  the  neutral  fats  are 
Buponifiod.  After  the  evaporation  of  the  alcohol  the  residue  ia  dissolvetl  io 
water  and  shaken  with  ether,  which  dissolves  the  choleaterin.  The  fatty 
acids  are  se]mrated  from  the  watery  solution  of  tho  soaps  by  tlie  addition  of 
a  mineral  acid.  If  a  mixture  of  soaps,  neutral  fats,  and  fatty  acida  ia 
originally  present,  it  ia  treated  first  wJlIi  wat«r,  then  agitated  with  ethor 
free  from  alcohol,  which  dissolves  the  fat  and  fatty  acids,  while  the  soaps 
remain  iu  the  aolutiou,  with  tlie  exception  of  a  very  small  amount  which  ig 
dituolved  by  the  ethor. 

To  detect  and  to  separate  tlio  different  varieties  of  nentral  fats  from 
each  other  it  is  best  first  to  siipouify  tliem  with  alcoholic  potash,  or  still 
better  with  sodium  alcohohite,  according  to  Koss£i.,  OueiemCllkr,  and 
KitQuKB,*  After  the  evaporation  of  the  alcohol  titey  aro  dissolved  in  water 
and  precipitated  with  sugar  of  lead.  The  lead  oleato  is  then  separated  from 
the  other  two  lead-aalta  by  repeated  extraction  with  ether,  but  it  must  bo 
remarked  that  the  lead-salts  01  the  other  fatty  acids  are  not  <inite  insoluble 
in  ether.  The  residue  insoluble  in  ether  is  decomposed  on  the  water-bath 
with  an  excess  of  soda  solution,  evaporated  to  dryness,  finely  pulverised, 
and  extracted  with  boiling  alcohol.  Tho  alcoholic  solaticu  ifl  then  frac- 
tionally precipitated  by  barium  acetate  or  burinm  chloride.  In  one  fraction 
the  amount  of  barium  is  determined,  and  iu  the  other  the  melting-point  of 
tho  fatty  acid  set  free  by  a  mineral  acid.  The  fatty  acids  occurring 
originaliy  in  tho  animal  tiasnoa  or  fluids  as  free  acids  or  as  soaps  are  con- 
Terted  into  barium  ulta  and  inresiigated  as  above. 


'  Maly's  Jubn-sbor..  Ilil.  22. 

•  Zeiisclir.  f.  nnulyt.  Cbem..  Bd.  3C. 

*  Keltsctir.  f.  pliysiol.  Chent.,  BcM.  14.  15,  and  16. 
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Besides  the  methods  already  suggeeted  there  are  other  chemical  inechoda 
wliich  are  important  in  iurestigsting  futs.      Itesides  deteraiinin<;  Die  melt- 
ing and  solidification  point  vo  also  determine  the  following;  1.  The  acid 
Jiuuivalenly  which  is  a  moaauro  of  the  amount  of  fatty  acida  in  a  fat  and  is 

detennined  by  titrating  the  fat  disaoWed  in  alcohol-ether  with  t-tl  alcobolio 

caiuttc  potash,  using  phenolphtalein  as  indicator.     2.   The  Ritponijication 
equivale/iiy  which  gives  the  oiiUigrama  of  canstic  potash  nnitcd  with  the 

tatty  acids  in  the  saponiticfttioa  of   1  gm.  fat  witli  U  J  aJcohoUc  caustic 

>tash.  3.  KEicHERT-MEissL'b  e^uicalmi,  which  gives  the  qnantitr  of 
Volatile  futtj  acids  contained  in  a  given  amount  of  nuiitnil  fat  (5  gnis.). 
The  fat  is  saponified,  then  acidified  with  mineral  acid  and  dimllled,  whereby 
the  Tolatite  fatty  acids  pu^  over  and  the  distillate  is  titraled  with  alkuli. 

4.  Iodine  rquivalnU  is  the  qnantlty  of  iodine  absorbed  by  a  certain  amonnt 
fof  the  fat  by  addition.  Tt  is  cliictly  a  meaauro  of  the  rjimntity  of  unsatii- 
^rated  fatty  acids,  io  the  lirat  pluce  oleic  ar^id  or  olein  in  the  fat.     Other 

lies  snob  as  cholenterin  may  also  absorb  io^liiie  or  lialogens.  The  iodine 
r<tqnivaleut  is  generally  determined  according  to  the  method  suggested  by 
V.  HCbl.  5.  The  acet>f}  equivalent.  Oxyaciils»  alcoliols  such  as  cety! 
alcohol  or  choicsterin  and  such  constitnents  of  fats  containing  the  Oil 
groDp,  are  transformed  Into  the  corresponding  acetyl  ester  on  boihng  with 
acetic  acid  anhydride  while  the  fatly  acids  remain  unchanged,  and  m  this 
way  the  estimation  of  these  bodies  is  possible.  The  fat  is  saponilied,  the 
soaps  decomposed  by  au  excess  of  ucid  and  the  mixture  of  fatly  acids, 
oxyfatty  adds,  choleeterin,  etc.,  boiled  with  acetic  acid  anhydride.  The 
acid  equivalent  is  determined  in  a  weighed  part  of  the  carefully  washed 
acetic  acid  free  luixturu  by  titration  with  an  alcoholic  canstic  jmtasli.  This 
acid  equivalent  represents  all  the  acids  (fatty  acids  as  well  aa  the  acetylated 
oiyacids)  and  it  is  designated  the  acetyl  acid  equivalent.  The  neutral  ilnid 
is  now  titrated  with  an  exactly  measnred,  tinfficient,  qnantity  of  tlie  same 
alkali  and  the  acetyl  compounds  sapouilied  by  botliug.  On  retitraliug  we 
find  the  quantity  of  alkaji  nsed  in  saponification  and  thisuomber,  calculated 
to  lOCi  parts  of  the  fat  represents  the  acetyl  equivalent.  In  regartl  to  th& 
performance  of  the  aboTe-mentioned  different  estimations  we  must  refer  the 
reader  to  more  complete  works  such  as  "  Analysis  of  Fats  and  Waxes," 
R.  Benedikt. 

In  the  quantitative  estimation  of  fats  the  tiuely  divided  dried  tissues  or 
the  llncly  divided  residue  from  an  evaporated  lluid  is  extracted  with  ether, 
alcohol-ether,  benzol,  or  any  other  proper  extraction  medium.  The  Investi- 
gationsof  UoKMEVKJi'  and  otliers,  carried  on  in  Pri.UdKR'ti  laboratory,  have 
eliown  that  oven  with  Tery  prolonged  extraction  with  ether  all  the  fat  is  not> 
extracted.  First  extract  the  greater  part  of  the  fat  by  ether.  Then  digest 
with  pepsin  hydrochloric  acid,  collect  the  insoluble  residue  on  a  Slter,  dry 
and  extract  with  ether.  The  fat  is  extracted  from  the  ftltrute  by  shaking 
witli  ether,  evaporating  the  extract  and  the  fut  separated  from  other  bodies 

*  Oo  (at  sxttmctloo  for  qiualiuUTe  esllmiitloii  tee :  Donnerer.  PflQger's  Arch.,  BJd. 
Bland  W:  Boji'lauow.  rtiVf,.  Bdd.  flr,.  fi8.  uml  Du  Bois-lteymnnd'a  Arcli,.  If-s;.  S.  HO; 

5.  Scluils:,  PflUger's  Arch..  Bd.  Wi  Voii  iid<1  Kruinmrichvr.  ZeUscbr.  f.  Blol.»)de.  B.1.  85; 
0.  Frank.  iZ>ld.,  Bd.  89 ;  PolinisoU,  PUDKtVH  Arcli.,  Bd.  TQ  ;  J.  Marking,  Wd.,  Bd.  71. 
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by  extracting  tlio  rosiJue  witii  petroleam  etlior.  J,  neuki 
fied  tlie  fat  catimation  by  tHe  digeetion  method  by  conBtnicting  a 
appiiniliis.  L.  T-.iKnnuUANS  and  Szekkly*  liave  Hii^ge^ted  a  new  method 
of  fat  etsttmatton,  which  according  to  Tangi.  and  'WErsEB*  is  as  good  aa 
Bokmeyer's  method  and  can  be  performed  ninch  quicker. 

The  fuLti  lire  poor  in  oiygeii  but  rich  in  carlxin  nnd  hydrogen.  Tbey 
therefore  repreaeut  a.  large  amount  of  chemical  potential  energy,  and  yield 
correspondingly  Jargc  quantities  of  beat  on  cotnbustion.  They  take  firet 
rank  arnntigst  the  foods  in  ttiia  regard,  utid  are  tlierefore  of  very  great 
importance  in  animal  life.  We  will  Rpeak  more  in  detail  of  this  8igni6- 
cance,  also  of  fat  formation  and  the  behavior  of  the  fats  in  the  body,  in  the 
following  chapters. 

The  LECirniN's,  which  stand  in  cloee  relationship  to  the  fats,  n-ilt  be 
treated  of  in  a  scibs«qiient  cltapter.  The  following  bodies  append  them- 
selves to  ttie  ordinary  animal  fats. 

SiMrinfteeti.  In  ihc  livlni;  spL-rmjicfll  or  v.-liftc-  wIirIc  there  is  fKun.l  In  ii  lurgc  cavity 
1m  tlio  skull  Hti  oily  liquid  callvu  hpermfic(!ll,  wLitU  iru  coolin|!  itfti-r  dniili  wiuiiiiiea  inio 
ft  solid  cry'ilallliie  [)!irl,  unlinurily  calk-d  j^pkiimackti,  and  iiiUj  ri  Hqiiid.  ki-kkua(  KTI-OIL, 
Thin  Uvsl  i»  Mrpiirutrd  |jy  pressure.  Bpcmiaceii  is  also  fouDcl  in  uilier  vhnlesauil  in  cri^ 
tain  B|K'i:iea  or  iiu)|iliiti, 

■['lie  fniriflc<l.  Boliti  epcrmaced,  whk-li  is  culled  cktin.  is  u  mixture  of  csieraof  fully 
nciiU.  TlLerlitL-f  c(Hisl>tui;i]l  ia  ijiv  4'cljFl-paliiiltiL-  esier  idikviI  wiili  emiill  qiinniillt^  of 
computind  eili*rt  of  hmric;,  myriHhic,  and  Hlt-nrw-  RLidswilb  radicals  of  ili«  nlculivls, 
l^THAi,,  (?,,H,i.OU.  MKruAL.'t'i.Ht.  OH,  and  stethal,  C.Htr.UH. 

Cetin  in  ii  tirinw-wliilci  iiia.'Bbh1aiii^  like  iui)l.lii'r.uf-pL'arl,  crysinllizinjf  in  jilatcs,  briltle. 
fatty  lo  the  loiicti,  atid  wLEcli  lina  a  Taiyini;  tnelLiugiioiQl  of  +  30°  to  50*  (.'..'drpcnditig 
iipnn  it*  purity.  Ccllii  is  intmlulile  in  untiT,  liut  di^olvra  rnfiity  In  cold  ctlicr  ur  volnliJQ 
and  fatty  oiU.  It  dissoWe:*  [□  boiling  alcohol,  bui  cryBtnlHzi^'S  ou  LYwIiog.  It  la  m)K)u1- 
flixl  witli  (lifllriilty  by  n  soluiinn  of  cftUKtlc  patasli  In  walvr,  Iiut  wilh  uii  alcoljolic  h>1u- 
tlon  ii  sapoiiilics  nailily  nnd  ihc  Bl>rtTi--iuciilit>ncd  nlrediols  arc  set  free. 

Ethal,  iir  ci;tj'l  alc<ib>>L  ('iiI[>i.<)H,  wliicli  alao  occiira  tn  llje  coccyc'.-iil  glani)  at 
diickn  niid  gvrsc  (I)k  Jonoe  *)  uiid  in  anialkT  qiiiiiulilc>i  in  Ix-eswnx.  nnd  fotmcl  by  Litik 
wiQ  apd  V.  Z^tnek'  in  ihc  ful  from  dermoid  cyals,  fnrins  wlilic.  traiiapaivnC.  udorltsa, 
nud  tJisU;lim  cryalala  wiiicli  are  Itiaolublc  lu  water  but  diasolve  cciblly  lu  nlcoliol  and 
ellii-r     EtUii]  melu  at  49.6'  C. 

SruiulACKTi-oiL  yJddKOusanoniticaClon  valerianic  acid, #mal1  amuunls  of  solid  fatty 
ncidH.  and  rHVsKTCii.Kn;  acid.  Thta  acid,  which  lias,  like  hypopuit*  add,  llic  r-i)ntpaa{- 
tiun  CtUioOi.  iicciin  alM),  as  found  hy  LJuBARflKT,*  In  coiihidt^^rnlile  aniouuts  in  ibv  fat 
iif  the  aeal.  U  fnrnis  colorless  nud  odork'sa,  neL-dlv-shapc-d  cryslab  wUich  vaaily  dlssolTc 
to  alioliol  and  i-th<-r  and  nult  at  -|-  34*  C. 

BKSfiWAS  may  be  Lrpated  here  iis  ronrlmiing  tlio  anhjccl  of  fata.  It  c-niilalnit  three 
chief  consllliicnt*:  J  t'snonc  ACin,  CijHuO, /whlrhoccnmaa  cetyl  etlicr  In  Cbiiie« 
wax  and  as  free  acid  in  ontinary  wnx.  ft  dlssuWes  lu  buJiing  alcohol  nnd  crparaKs  as 
crystals  on  cooling.  Tbe  cnnlerl  altroliollc  eximrt  of  wax  c-cinrnins  |2]  ckroi^kik,  which 
ts  probahlv  a  inixluro  of  soreml  bodies,  and  (3)  mtrisik,  which  forms  tlie  chief  con- 
allnieni  nr  dial  part  of  wax  whicrh  \s  Inanluhle  in  warm  or  cold  alcohol.  Myii*tn  coitKistt 
chlelly  of  palmitit-acid  (.■ilicr  of  rneliasyl  (myricyl)  alcohol,  CuU«i.OH.  This  alcohol  fal 
a  silky,  shilling,  cryslallins  body  luclllDg  at  +  US*  C. 

'  Pfibger'B  Arch..  Bd.  7S. 

*  rm.,  Bd.  73. 

•yWd.,  Bd.  73,  S.  867. 

*  Zeilscbr.  f.  physiol.  Chem.,  Bd.  3. 

*  Ibid..  B.i.  2S. 
»  Jouru.  i.  prakl.  Cli«m.  (Sf.  F.).  Bd.  57. 

*  See  HeurtqueK,  Bcr.  d.  dcutsch.  cliem.  Ocsellsch.,  Bd.  80,  B.  1410^ 


CHAPTER  V. 


THE  ANIMAL  CELL. 


Tb8  cfV  is  the  tmit  of  tfas  manifold,  variable  forms  of  the  orgaoism ;  it 
tornis  the  simplest  physiological  appEiratns,  and  as  such  is  the  seat  of  ohem* 
leal  proceeses.  It  is  generally  admitted  thitt  all  chemical  processes  of 
importance  do  not  take  place  in  the  animal  fluids,  bnt  transpire  in  tlie 
cells,  which  maj  bo  considered  as  the  chemical  lahoratory  of  the  organism. 
It  is  also  principally  the  ceils  which,  through  their  greater  or  less  aotivity, 
regnlaie  or  gorera  the  range  of  the  chemical  procefses  ami  also  the  intensity 
of  the  total  exchange  of  material. 

It  is  natural  that  the  chemical  inrestigation  of  the  animal  cell  should  in 
most  cases  coincide  with  the  study  of  those  tissues  of  which  it  forma  the 
chief  constituent.  Only  in  a  few  caaes  can  the  cells  be  directly,  by  rela- 
tirely  simple  manipulutiona,  isolated  in  &  rather  pure  state  from  the  tissues, 
as,  for  example,  in  the  inrestigation  of  pus  or  of  tissue  verj-  rich  in  cells. 
But  even  iti  these  cases  the  chemirail  inTestigation  may  not  lead  to  any  posi< 
live  results  iu  regard  to  the  conatitnenta  of  the  uninjured  living  colU.  By 
the  process  of  chemical  transformation  new  snbstancea  may  be  formed  on 
the  death  of  the  cell,  and  at  the  same  time  physiological  constitncnts  of  the 
cell  may  bo  destroyed  or  trausporled  into  the  snrrounding  meilium  and 
therefore  escape  investigation.  For  this  and  other  reasons  we  poeaess  only 
a  very  limited  knowledge  of  the  conatitneats  and  the  compoaition  of  the 
cell,  especially  of  the  living  one. 

While  young  cells  of  different  origin  in  the  early  period  of  their  exist- 
encie  may  show  a  certain  similarity  in  regard  to  form  and  chemical  composi- 
tion, they  may,  on  further  development,  not  only  take  tlie  most  varied 
formst  bnt  may  also  offer  from  a  chemical  standpoint  the  greatest  diversity. 
Ab  a  dcficriptioD  of  the  constituents  and  composition  of  the  different  cells 
occurring  iu  the  animal  organism  is  nearly  equivalent  to  a  demoDstration  of 
the  chemical  protiertioa  of  most  animal  tissues,  and  as  this  exjioBition  will  he 
found  in  their  respective  chapters,  we  will  here  only  discnss  the  chemical 
conititueats  of  the  yoang  cells  or  the  cells  in  general. 

In  the  study  of  these  constituents  we  are  confronted  with  another 
iliffioulty,  namely,  we  must  differentiate  by  chemical  research  between  those 
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eonEtitneBtg  which  are  eBBcntiallv  reccefiary  for  the  life  of  the  cells  a 
those  wliich  are  casual,  i.e.,  stored  np  as  reserve  material  or  as  metabolic 
products.  In  this  connection  we  have  odIj  been  able,  tbns  far,  to  learD  of 
certain  sobstancee  which  pcem  to  occnr  in  every  develoj'ing  cell.  Such 
bodies,  calle<i  prima  by  by  KossEi,,'  are,  besidea  water  and  certain  mineral 
coDstituents,  proteiJfl,  nucleoiiroteida  or  nucleins,  lecithins,  glycogen  (?), 
and  cholesterin.  Tlioee  bodifs  which  ilo  not  occur  in  every  developing  cell 
arecalled  SKCONMhuty.  Amongst  these  we  have  fat,  glycogen  {?),  pigments, 
etc.  It  must  not  be  forgotten  that  it  is  still  possible  that  other  primary 
Qcll  constitaents  may  exist,  bnt  nuknown  to  ns,  and  wo  also  do  not  know 
whether  all  the  primary  constituents  of  tlie  cell  are  necessary  or  essentia) 
for  the  life  and  functions  of  the  same.  We  do  uot  know,  for  example, 
whether  the  ever-present  cholesterin  h  an  eicretory  product  of  tlie  meta- 
bolism within  tlie  cell  or  whether  it  is  necessary  for  the  life  and  development 
of  the  same. 

Another  important  qaoation  is  the  division  of  the  vurions  cell  constit- 
uents between  the  two  morphological  components  of  the  cell,  namely,  the 
protoplasm  and  the  nnclens.  This  is  rery  difficult  to  decide  for  many  of 
the  constitnents,  nevertheless  it  is  appropriate  to  differentiate  between  the 
protoplnsm  and  the  imcletie. 

The  Protoplasm  of  the  developing  cell  consists  during  life  of  a  semi-solid 
mass,  contractile  under  certain  conditions  and  readily  changeable,  which  is 
rich  in  water  and  whose  chief  portion  consists  of  protein  snbstjtnces.  If 
the  cell  be  deprived  of  the  physiological  conditions  of  life,  or  if  exposed  to 
destrnctive  exterior  influences,  sach  as  the  action  of  high  temperatures,  of 
chemical  agents,  or  indeed  of  distilled  water,  the  jtrotoplasoi  dies.  Tbo 
albuminous  bodies  which  it  contains  coagnlate  at  leoet  partially,  and  otlier 
chemical  changes  are  found  to  take  place.  The  alkaline  reaction  of  the 
living  cell  may  be  converted  into  au  acid  by  the  appearance  of  paralactic 
acid,  and  the  carbohydrate,  glycogen,  which  habitually  occnrs  in  the  young 
generative  cell  may  after  its  death  bo  fjaickly  changed  and  consnmed. 

The  queeition  as  to  the  internal  strncturc  of  the  prutoplasm  ia  still  in 
controversy.  It  is  of  little  importance  in  the  study  of  the  chemical  compoei- 
tion  of  the  cells,  as  it  is  impossible  to  chemically  study  the  morphologically 
different  coustitueuts  of  the  protoplasm.  With  the  exception  of  a  few 
micro-chemical  reactions  the  chemical  analysis  has  been  restricted  to  the 
protoplasm  as  snch,  and  the  investigations  have  been  direefod  in  the  first 
place  to  the  protein  sabstances  which  form  the  chief  mass  of  the  protoplaam. 

The  proieids  of  the  protoplasm  consist,  according  to  the  general  view, 
chiefly  of  globulitis.  Albumius  have  also  been  found  besides  the  globulin*. 
There  is  no  doubt  at  present  that  the  albumins  occur  in  the  cells  only  as 
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truces,  or  at  le&st  onlj  in  trifling  qoantities.  The  prMence  of  globulins  can 
liarUly  be  tlisputed,  alUioagh  certain  cell  constituents  described  as  globnlina 
hare  been  shown  on  closer  investigation  to  be  niicleoalbnmins  or  nocleo- 
proteids.  According  to  IIalliburton  '  the  proteid  occurring  in  all  cells 
and  coagulating  at  47°-50''  C.  is  a  tme  globulin. 

Ill  ojiposition  to  the  view  that  the  chief  niRM  of  the  animal  cell  consists 
of  true  proteids,  t!io  author'  expressed  the  opinion  several  years  ago  that 
tbe  chief  mass  of  the  protein  substances  of  the  cells  does  not  consist  of 
proteids  in  the  ordinary  scusc,  but  oonaists  of  more  complex  phoaphoriieU 
bodies,  and  that  the  globniins  and  albumins  are  to  he  considered  as  nutritiTS 
material  for  tbe  cells  or  as  deetnictive  prodncts  in  the  chemical  tranaforma- 
tiou  of  the  protoplasm.  This  riew  has  received  siibstiiiitial  support  by 
itirestigations  within  the  last  few  years.  Ai.ex.  ScnurnT*  h;iB  como  to  the 
Tiew,  by  inTesttgations  on  varions  kinds  of  calls,  thnt  they  contain  only  very 
little  proteid,  and  that  the  chief  msK  consists  of  very  complex  protein 
substances.  Lilienfeld  '  has  also  fonnd  on  a  quantitative  analjais  of 
leucocytes  from  the  t)iymu8  gland  only  1.7G)<  proteid  (in  tbe  dried  sob- 
stance),  in  the  ordiuary  seusc. 

The  protein  substances  of  tlio  cells  consist  chiefly  of  rompound  proteids, 
and  these  are  divided  hetircen  the  glycoproteid  and  the  nucleoproteid 
groups.  It  is  impossible  at  present  to  state  the  extent  of  nucleoalbumins  in 
the  cells  because  thus  far  ia  most  cases  no  exact  diCference  has  been  mode 
between  them  atul  tlie  nuclcoproteids.  Hoi>i>k-Seyleb  '  calls  viieJUu  » 
regular  constituent  of  all  protoplasm.  This  body  used  to  be  considered  as 
a  globulin,  but  later  reeearc>ies  hare  shown  that  the  so-cuUed  vitelline  bodies 
may  be  of  various  kinds.  Certain  vitellins  seem  to  be  nucleoalbumins,  aad 
it  is  therefore  very  probable  that  cells  habitually  contain  nucleoalbumins, 

Tbe  nucleoprvieids  take  a  vtry  prominent  place  nmoiig  the  componnd 
proteids  of  the  cell.  The  Tariou.s  suluttances  isolat4>d  by  ditferent  investiga- 
toni  from  animal  cells,  such  as  tisnue-jibnnogett  (Wooldridqe),  ct/iophbin 
and  preghbulin  (Ai.ex.  SciiMinT),  or  nucleohiulm  (Kossel  and  LtUKN- 
fELD*),  belong  to  this  group.  The  cell  conHtitiient  which  swells  up  to  a 
sticky  maes  with  common  salt  solution  and  is  called  Hovida's  hyalint  svb' 
sfanct  also  belongs  to  this  group. 

Tbe  above-mentioned  different  protein  sabstanccs  have  only  been  simply 


<  See  HalUbtirlno,  On  Uie  Cbemlcal  Piijr^ology  of  Ibe  Aolntal  Cell,  1893.  Ho.  1, 
Kliig's  College  Pbvslol.  Libontory. 

*  Pflltger'a  Arch.,  Bd.  35.  S.  440. 

■  Alex.  Sobmldl.  Ziir  Bluilebro.     Leipzig.  1893. 

*Ze[Uc)ir.  f.  physiol   Olium.,  BJ.  18,  8.  485. 

'  ini;*»ioI.  t'beni.,  1877-18S1.  6.  70, 

*St-e  L.  C.  Wooldriilge.  Die  Ocrinnung  dea  niutes.  Lefpslg,  1891  ;~A.  Scbinidt, 
Ziir  bliittehre;  LtHeofcM,  I.  c. 
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designated  as  constitnents  of  the  cells.  The  next  question  is  which  of  tlieee 
belong  to  the  protoplasm  and  which  to  the  nucleus.  At  present  we  can 
give  no  positive  answer  to  Itiis  qncsUoii.  According  to  Kossr.[.  and  Liliex- 
FiiLD,*  the  cell-nucleus  of  the  lencocytes  contanm  a  nncleoproteid,  besides 
niicleins,  as  chief  constituent,  and  sometimes  perhaps  ali^o  nucleic  acid  (see 
below),  while  the  body  of  the  ccUa  contains  chii-lly  pnre  proteins  besides 
other  substances,  and  only  a  little  nncJeoalbnniin,  containing  a  very  small 
quantity  of  pboBphonis.  This  view  coincides  well  with  tlio  ohservations  of 
LiLiHXF£LD  on  the  behavior  of  tlie  protoplusnt  and  ccll-nuclons  on  one  side, 
OS  compared  with  the  proteids  and  niiclein  subBtances  with  certain  coloring 
matters;  bat  it  seems  to  be  inconsistent  with  the  rjiiantitatice  composition 
of  the  lencocytes  as  fonnd  by  Lii.iknfki.d.  If  we  admit,  according  to 
KossBL  and  Liuenfeld,  that  the  nncleoproteid,  called  by  them  nitcfeo" 
histon,  belongs  only  to  the  nucleus  of  tho  lencocytes  of  the  tbymna  gland, 
then  77.45  parts  of  the  71t.21  parts  of  proteins  in  100  pjirts  of  the  dried 
snbatance  belongs  to  the  nuctetis  and  only  1.7*i  parts  to  the  protoplasm. 
As  the  lymphocytes  of  the  thymus  gland  of  the  calf  contain  only  one 
nucleus,  in  which  the  mass  of  the  nucleus  stirpasses  that  of  the  cytoplasm, 
it  is  natural  that  the  relative  proportion  of  thu  various  protein  enbitances  ia 
these  cells  cannot  be  taken  aa  a  standard  for  the  comjioeition  of  other  cells 
richer  in  cytoplasm. 

Complete  investigations  in  regard  to  the  distribution  of  protein  sub- 
Btancea  in  the  protoplasm  and  nuclena  of  other  cells  have  not  been  mode. 
If  we  consider  for  the  present  that  the  cells  rich  in  protoplasm  contain,  as 
a  rule,  only  rery  little  trne  proteid,  we  are  hardly  wrong  in  considering  it 
probable  that  the  protoplasm  contjiina  cliiefly  imcleoalbumins  and  com{M>nnd 
proteids  besides  traces  of  ulbitmin  and  a  little  globulin.  These  compound 
proteids  are  in  certain  cases  glycoproteids,  but  otherwise  nncleoproteid b, 
which  differ  from  the  nucleoproteids  of  tho  nnclens  in  being  poorer  in 
phosphoruH,  hettidcs  containing  a  great  deal  of  proteid  and  only  less  of  the 
proatetic  group,  and  hence  hare  no  specially  pronounced  acid  character. 

The  nncleoproteid 8  of  the  nnclens  nre  on  the  contrary,  as  shown  by 
LitiENFKLn  and  Kossel,  rich  in  phosphorus  and  of  a  strongly  acid  charac- 
ter. These  nncleoproteid e  will  be  treated  of  in  Bpeoking  of  the  nucleins  of 
the  nnclens. 

In  cases  in  which  the  protoplasm  ia  Bnrronuded  by  an  outer,  condensed 
layer  or  a  cell  nicmhntnc,  this  envelope  ^eenm  to  consist  of  albumoid  anb- 
stances.  In  a  few  cases  these  substances  seem  to  be  closely  related  to 
elaatin;  in  other  coses,  on  the  contrary,  they  seem  rother  to  belong  to  the 
keratin  gronp.     The  chemical  processes  by  which  these  albnnioid  substances 


)  TTeber  ilie  WolilvcrrrnDdUclm'Tt  der  ZvUcli-nifntt;  zu  gewisieo  FarhstoITco. 
liaodl.  d.  pbytlol.  GeMlbch.  zu  Berllu,  No.  11,  1808. 


Vav 


LBClTHtSt. 


103 


%xt  formed  from  tlie  albuminona  bodies  or  compoand  proteids  of  tbe  proto- 
plasm fire  nnknowD. 

Among  the  non-proteid  anbetances  of  the  cell  we  inntiit  tlr^^L  iiicnLion 
lecithin,  whifili  cxlits  u  a  iMeitiro  constituent  of  tbe  protoplsEn],  It  U 
difflctilt  to  saT  whether  it  ulso  exists  iti  the  nuclcns. 

Lecithin.  Thid  boilj  is,  aceonliag  to  the  investigatiotiB  of  SruECKKn, 
HrxDnsitAGBX,  and  Oilsox,'  an  ether-like  combination  of  glycerophos- 
phoric  acid  sabetitated  br  two  fattr  acid  radicals,  with  a  base,  cholin. 
Therefore  there  may  bo  different,  lecithins  according  to  the  futty  acid  con- 
tained in  the  leoithin  molecnle.  One  of  these — dtsltmrijllecxthin — has  been 
closely  studied  by  IIoppe- Seller  and  Piacokovt:* 

C..II..NPO,  =  H0.(ClI.).N.r,H..()(0B)PO.O.C.U,  :  (C,.U,0^.. 

In  Agreement  with  this,  if  lecithin  bo  boiled  irith  bari'ta-water  it  yields 
fatty  acids,  glycerophoephoric  acid,  and  cliolin.  It  is  only  slowly  deeom- 
posetl  by  dilute  acids.  Beeidea  Btimll  ipiantitiefl  of  glyccrojibosphoric  acid 
(perhaps  also  dlstearylglvcerophusphorio  acid)  we  have  large  quantities  of 
free  phosphoric  acid  split  off. 

OLYCEHOi'iiosi'iioBic  ACID  (nO),PO.O.C,H,(OlI),  \%  a  bibasic  acid, 
vhich  probably  only  occurs  in  the  animal  fluids  and  tissues  as  cleavage 
product  of  lecthins.  The  ciiolin,  vbSch  occurs  extensively  in  the  plant 
kingdom,  seems  to  be  identical  with  tbe  bases  siscalix  (in  mastard-se^d) 
and  AHANITIK  (in  agarioim  miiscarinii),  has  the  formitla  H0.X(11'II,),. 
C,lI^.OII,  and  is  therefore  considered  aa  trlmethjlethoxylium  hydrate. 
Choliu,  on  the  contrar}',  is  not  identical  with  the  base,  nsuki.v,  prepared 
by  LiEBBEirii  as  a  decomposition  product  from  tho  brain,  which  \f,  consid- 
ered as  trimethylvinyliura  hydrate,  UO.N(CII,),.C,U,.  Oholiu  is  a  sirupy 
flnid  readily  misctble  with  absolute  alcoliot.  Hydrochloric  acid  gires  & 
combination  which  is  very  Kolnlde  in  water  an<l  alcoliol,  but  insoluble  in 
ether,  chloroform,  and  benxoh  This  comiwand  forms  a  double  combination 
with  platinum  chloride  which  is  soluble  in  water,  insoluble  in  ab.'ioluto 
alcohol  and  ether,  crystallizing  ordinarily  in  six-sidwl  omngo-eolored  pintea. 
This  combination  is  used  in  the  detection  and  identification  of  this  base. 
Cholin  also  forma  a  crystalline  double  combinatiotk  with  mercurio  chloride 
and  gold  chloride.  In  watery  snliitioii,  uholln,  on  prolonged  standing,  is. 
converted  into  uenrin,  which  proceM  may  be  hasteneil  by  micro-organisms.* 

Lecithin  occurs,  as  Uoppe-Seylhu  *  baa  especially  shown,  widely  diffused 


'  Stteeker,  Annal.  d.  Chem.  n.  Pliarm..  lid,  148;  Hanileab»xca,  Jnum  f.  piukt,. 
Cbeni.  {N.  F.},  Bd.  38;  aiUuii.  ZitlUirlir.  f.  i))iysi()1,  Cliuta.,  BO.  12. 

»  Hoppo-Seyler,  Med. -chem.  t'tUcnmrli.,  S,  321  tnd  40J5, 

*  Cebor  das  Cbniia  uo<l  aeius  Ycrbliiduiigva,  tee  QitlewllBcli,  S^ltacbr.  f,  pliyslol. 
Cli<m..  Bdd.  %K  and  S6. 

'  Hliyarul.  Cliem.     Berlin,  1677-81.    8.  57. 
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in  the  regetable  and  auimal  kingdoms.  According  to  this  inTestigator,  it 
occurs  al&o  in  many  cd&qs  in  loose  cotnbinution  with  other  hdilieii,  such  aa 
albiiininoQfi  bodies,  haemoglobin,  and  others.  Loci  thin,  according  to 
IIoppe-Skylek,  is  found  in  nearly  aU  auinial  and  vegeCabla  cells  thn&  fjkr 
stadied,  and  also  id  nearly  all  animal  flnidy..  It  is  gpeciaUr  ahnridaut  in 
the  brain,  norvea,  fish-eggs,  yolk  of  the  egg,  electrical  organa  oC  the  Torjjftlo 
electricKSy  semen  and  pus,  and  also  in  the  mnscles  and  blood-corpuscles, 
blood-plasma,  lymph,  milk,  08|>eciiJly  woman's  milk,  and  bile,  as  well  as  in 
other  Hiilrnal  juices  and  liquids.  Locithiu  is  also  foand  in  pathological 
tJsscies  or  lirfuids. 

This  wide  dtstribnttou  of  the  lecithins,  as  also  the  fact  that  it  is  a 
primarj'  conetitnent,  gives  great  physiological  importance  to  the  Iccitltius. 
Wo  have  in  lecithin,  no  donbt,  a  very  important  material  for  the  building 
np  of  the  complicated  phosphorlzed  nnclein  substances  of  the  cell  aod  cell 
nnclens.  That  the  lecithins  are  of  groat  importance  in  the  development 
and  growth  of  living  organisms,  in  fact  for  the  bioplastic  processee  in 
general,  follows  also  from  soreral  investigations.' 

Lecithin  may  ho  obtained  in  grains  or  warty  masses  composed  of  small 
crystalline  plules  by  strongly  cooling  its  solution  in  strong  aloohol.  In  the 
dry  state  it  has  a  waxy  appearance,  is  plastic  and  soluble  in  alcohol,  espe- 
cially on  heating  (to  40-.'iO'  ("'.);  it  is  Seas  snlnhle  in  ether.  It  is  riisaolred 
also  by  chloroform,  carbon  disulphido,  benzol,  and  fatty  oils.  It  swells  in 
water  to  a  pasty  mass  which  shows  nnder  the  microscope  slimy,  oily  drops 
and  threads,  so-called  myelin  fwrms  (see  Chapter  XII).  On  worming  this 
swollen  rnasu  or  the  concentrated  alcoholic  solntion,  decomposition  takes 
platTe  witli  the  prodcction  of  a  brown  color.  On  allowing  the  eolulion  or 
the  swollen  mass  to  stand,  decomposition  takes  place  and  the  reaction 
becomes  acid.  In  pntrefaotion  lecithin  yields  glyceropliosphoric  acid  and 
cholin;  tiie  latter  further  decomposes  with  the  formation  of  meChylantio', 
ammonia,  carbon  dioxide,  aii-I  marsh-gas  (ILisebkoek  *).  If  dry  lecithin 
be  heated  it  decomposes,  takes  fire  and  burns,  leaving  a  phoaphorixed  coke. 
On  fnsing  with  caustic  alkali  nnd  saltpetre  it  yields  alkali  phosphates. 
Lecithin  is  easily  carried  down  dnriug  the  precipitation  of  other  compounda 
SQch  as  the  proteid  bodies,  atul  may  tlierefore  very  greatly  change  the  solu- 
bilities of  the  latter. 

Lecithin  combines  with  acids  and  bases.  The  combinatioD  with  hydro- 
chloric acid  gives  with  platinum  chloride  a  double  salt  which  is  insoluble  in 
alcohol,  soluble  in  ether,  and  which  oontaina  10.2^  platinum. 


'  See  Sloklau.  Ber.  il.  deulsch.  chini.  Ocsclltc-li..  B<l.  29  ;  Wlfiier  Sluungsber,  Bd. 
104;  Zeitsclir.  T.  jiliyBial.  Cbem..  Bd.  35;  ami  W.  DiuiUilewsky,  Cump.  rend..  Tone  131 
and  133. 

*  Zcitschr.  (.  pliysioL.  Chetn..  Bd.  12. 
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It  maj  be  prepared  tolerablr  ptire  from  the  jolk  of  the  hen's  egg  bj  the 
following  metnoiJs.  as  anggested  by  Hoitk-Seyi.er  and  Dtacosow.  The 
rolk,  deprived  of  proleid,  is  extracted  with  cold  ether  until  al!  the  yellow 
color  is  removed.  Then  the  residue  is  extracted  with  alcohol  at  50-00°  C. 
After  the  evaporation  of  the  alcoholic  extract  at  50-410°  C,  the  sirnpj 
matter  ia  treated  with  ether  and  the  insolnble  residue  dissolved  ia  as  little 
alcohol  a8  possible.  On  oooHng  this  (iltereil  ftlcoliolic  solntion  to  —  5*  to 
—  10"  C  the  lecithin  gradually  separates  in  small  granules.  The  ether, 
iiovrerer,  contains  conaiderahic  of  the  lecithin.  The  other  is  distilterl  off 
and  the  residne  dissolved  in  chloroform  and  the  lecithin  precipitated  from 
this  solution  hy  means  of  acetou  (Altmann*  '). 

According  to  (tit^ox,  u  nev  portion  of  lecithin  may  be  obtained  from 
the  ether  used  in  extracting  the  yolk  by  dissolving  the  residne  after  the 
evaporation  of  the  ether  hi  petroleum  otlier  and  then  shaking  this  solution 
vitb  alcohol.  The  petroleum  ethor  takes  the  fat,  while  the  lecithin  remains 
dissolved  in  the  alcohol  and  may  he  obttLiued  therefrom  rather  easily  by 
uaing  the  proper  precautions. 

The  detection  and  the  quantitative  estimation  of  lecithin  in  animal 
Ilaida  or  tissues  is  based  on  the  eolnbility  of  the  lecitliin  (at  SO-tiO"  C.)  in 
alcohol -ether,  by  which  the  phosphoric  acid  or  gtycerophosphoric  acid  salts 
which  may  bf  present  at  tlio  same  time  are  not  dissolved.  The  alcohol- 
ether  extract  is  evaporated,  the  residue  dried  and  fused  with  eoda  and  salt- 
petre. Phosphoric  acid  is  formed  from  the  lecithin,  $knfX  it  cwn  be  used  in 
tUe  detection  and  quantitative  estimation.  The  didteurylleclthiu  yields 
8.7il8^  J't*-*i-  This  method  is,  however,  not  exactly  correct,  for  it  ia 
possible  that  other  phoephorized  organic  combinations,  such  as  jecortn  (see 
Chapter  Vltl)  and  protagon  (Chapter  XH)  mny  have  paiwed  into  the 
alcohol-ether  extract.  lu  detecting  lecithin  the  double  combination  of 
cholin  and  jdatinnm  most  also  be  prepared.  The  residue  of  the  evaporated 
alcohol-ether  extract  may  bo  boiled  for  an  hour  with  baryta-water,  littered, 
the  excess  of  barium  precipitated  with  CO,,  and  iiltered  while  hot.  The 
flltmte  is  concentrated  to  u  slriipy  conalstuncy,  cxtractml  with  absolute 
alcohol,  and  the  tlltrate  precipittited  with  an  alcoliolic  solution  of  []latinum 
chloride.  The  precipitate  aftfjr  liltraticm  may  be  dissolved  in  water  and 
allowed  to  crystallize  over  sulphuric  acid. 

Proiagons,  which  are  found  in  the  leucocytes  and  pns-cells,  are  also  to 
be  considered  aa  a  constituent  of  protoplasm.  These  phosphorized  bodies 
occur  principally  in  the  brain  and  uorves,  and  hence  will  be  described  in  a 
following  chapter. 

Glt/cogen,  discovered  by  Cl.  Berxakd  and  Uensbn,  is  foand  in  devel- 
oping animal  cells  and  especially  in  developed  embryonic  tissues.  Accord- 
ing to  IIopvk-Seyi.er  itBeenis  to  be  a  never-falUnfj  constituent  of  the  cells, 
which  show  amwboidat  movement,  and  he  found  this  carbohydrate  in  the 
leucocytes,  bat  not  in  the  developed  motionless  pus-corpuscles.  Salomok 
and  afterwards  others  havo,  however,  found  glycogen  in  pus.'    I'Yom  the 


■  Cil«]  fmm  Hoppe-Seylur's  Ilao/lLucli.  etc..  0.  Aufl.,  S.  84. 
*  In  regard  lo  the  Ittoraturc  on  glycogen  seu  Obap.  VIII. 


106 


TBS  ANIMAL  CELL. 


relationship  wliich  !<eems  to  exist  between  gljcogen  and  mnacnlar  work  (see 
Chapter  XI),  it  is  presnmable  tliat  a  coDBuniptioii  of  glycogen  takes  place 
in  the  moTcmont  of  animal  protoplaBm.  On  tlie  othor  haml,  the  extensire 
oocurrence  of  glycogen  io  embryonic  tiesnes,  at  also  its  occrrrence  in  patho- 
logica]  tnmore  and  in  abundant  cell-formation,  speaks  for  the  importance  of 
this  body  in  the  formation  and  development  of  the  coll. 

In  ndtilt  animals  glycogen  occars  in  the  mascles  and  certain  other 
organs,  bnt  principally  in  the  liver;  therefore  it  will  be  completely  deacrihed 
in  conuectiori  with  this  organ  (Cliapter  VIII).  Glycogen  has  been  directly 
detected  as  a  conGtituent  of  the  protoplasm  of  varlouB  cells. 

Auotlier  body,  or  perhaps  more  correctly  a  group  of  bodies  which  occnr 
widely  distribnted  in  the  animal  and  vegetable  kingdoms,  and  which  occur 
regularly  in  the  oelU«  arc  the  choleaterine.  The  best-known  representative 
of  this  group  is  ordinary  cholesierin  (see  (.'bapter  VIII),  which  is  the  chief 
constituent  of  certain  biliary  calculi  and  exiets  in  abundant  quantities  in  the 
brain  and  nerveo.  It  is  hardly  Admissible  that  this  body  is  of  direct 
importance  for  the  life  and  development  of  the  cell.  It  mnst  be  considered 
that  the  cholesteriii,  as  accepted  by  IIoim'^-Seylkk,'  is  a  cleavage  product 
appearing  in  the  cell  during  the  processes  of  life.  According  to  1Iopp£> 
SEyrF-R  the  same  is  true  for  the  fats,  which  do  not  occur  cnfistantly  in  the 
cells  and  have  nothing  to  do  in  the  ordinary  procesaea  of  life.  There  is  no 
doubt  that  cbolcstcrin  exists  aa  a  constituent  of  the  protoplasm,  bnt  its 
existence  in  the  nucleus  is  questionable. 

The  cell  nDcleus  has  a  rather  complex  structure.  It  consists  in  part  of 
a  %nitophtsiHy  which  consists  of  Hbriles  which  form  a  network,  and  another 
part,  wliicli  is  less  aolid  ami  homogeneous,  called  the  Titjnhplasm.  Tlie 
mitoplaam  differs  from  the  hyaloplasm  in  a  stronger  affinity  for  many  dyes. 
On  account  of  this  behavior  the  first  la  called  the  chromatic  sabstance  or 
chromatin,  and  the  other  the  achromatic  snbatance  or  nchromatin. 

The  hyaloplasm  of  the  nucleus  is  considered  as  a  mixtnre  of  proteid. 
The  mitoplaam  eeema  Co  contain  tlie  more  specific  constituent  of  the  nnclens^ 
namely,  the  uuclein  snbstauces.  Besides  this  it  is  alleged  to  also  contaia 
another  anbstanoe,  ^j^ia//».  Thiii  last  is  less  soluble  than  the  nuolein  sub- 
stancos  and  does  not  have  the  property,  like  them^  of  fixing  dyes. 

The  chief  constituents  of  the  cell  nucleus  are  the  nncUoprotcids 
{nvcletn^),  auii  in  a  few  cases  tiuclfic  acitU. 

Vucleius.  Tly  the  name  uuclein  IIoppe-Setlek  and  Miescher*  desig- 
nated the  cliief  constituent  of  tho  nncleus  of  the  p-iti-cell  first  isolated  by 
MiE.-iCUi:R.  Since  it  has  been  shown  by  repeated  research  that  Btmilar 
bodies  occur  extensively  in  the  animal  and  plant  kingdoms,  especially  in 


'  PhjBlol.  Cbcni..  S.  91. 

*  H'lippa.SDylvr.  1lloil.-cbeiiL  Untenacb.,  S,  402. 
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orgatu  rich  in  celU,  we  hnre  for  some  lime  designated  as  nocloinB  a  namber 
of  phnejihorizcd  bodies  which  are  in  part  derived  aa  cleavage  products  from 
the  aacleoaibamins  and  in  part  form  the  chief  conatitaeut  of  the  cell 
nuclens. 

According  to  Hoite-Seyi.kk,  these  bodies  may  be  dlrided  into  three 
groups.  The  first,  to  which  belongs  the  nnclein  of  jeast,  pas,  nucleated 
red  blood -co  rpnecles,  and  probably  of  the  cell  nucleus  in  geneml,  yield 
proteid  bodies^  xacthin  bodies,  and  phofiphorio  acid  as  cleavage  products  on 
boiling  with  acids.  To  the  second  group,  which  yield  as  eplitting  products 
proteid  and  phosphoric  acid,  but  no  xantbin  bodies,  belongs  the  nuclein  of 
tbe  yolk  of  the  egg  and  casein — In  other  words,  the  nncleo-albnmins  in 
general;  and  to  the  third  group,  which  gives  as  »plitting  products  only 
phosphoric  acid  and  xantbin  bodies,  but  no  proteid,  belongs  only  tlie  nuclein 
of  spermatozon. 

Those  nncloin  substAnocs  which  do  not  yield  nnclein  bosea  on  splitting 
~4Dch,  for  instance,  as  nuclein  from  casein  and  vitelltn — are  to  be  separated 
from  the  others.  Kobsel  lias  suggested  tlie  name  paranmlcin  for  these 
nuclein  substances.  As  the  jtaranucleins  amongst  tliemseWea  are  very 
different  and  have  only  au  apparent  similarity  to  the  trne  nncleins,  the 
author  has  pro]>osed  the  umne  psemionucleins  for  tUcra.* 

Tbe  nuclein  of  spermatozoa,  which  does  not  yield  any  proteid  oa 
cleavage,  shows  a  great  similarity  to  the  substance  obtained  by  ^Vltua^tn 
from  tbe  nucleins  of  IIoi'i-k-Skylkk's  first  group  by  the  action  of  alkalies. 
This  substance  was  called  nucleic  ncid  by  Altman>(  and  Kossel,'  and 
hence  this  nuclein  will  be  called  nucleic  acid  in  tbe  fatare. 

The  nnclein  of  the  drat  group  is,  according  to  Kossel,  true  nuclein  or 
simply  nuclein.  This  nuclt^in,  which  gives  phofipboric  acid  as  well  as 
proteid  and  xantbin  ba^es  on  splitting  with  acids,  is  considered  by  KoesBL 
as  a  combination  between  proteid  and  nucleic  acid. 

We  therefore  have  two  chief  groups  of  nucleins:  pseudonudeina  or 
parRtnicleins,  which  yield  no  nnclein  bases  (xanthin  bodies)  as  cleavage 
pro<lnctB  and  corresponding  therero,  do  not  contain  any  nucleic  acid,  and 
tme  nucleins,  or  simply  HMc/fi«Jir,  the  combination  of  proteid  with  nncleio 
acid  which  give  xantbin  bodies  as  cleavage  products. 

Fseudonncleins  or  PAttANt'^  i.eins.  These  bodies  are  obtained  as  an 
insolnble  residue  on  the  digestion  of  nucleoalbumins  or  phosphoglyco- 
proteida  with  pepsin  bydroohlorio  acid.  Attention  is  called  to  the  fact  that 
tbe  peeudonuclein  may  be  dissolved  by  the  presence  of  too  moch  acid  or  by 
a  too  energetic  peptic  digestion.     If  the  relationship  between  the  degree  of 


■  KcMsel.  Du  Bob-R«yinotHl's  Arch.,  1601 ;  HimmanleD,  ZcItKlir.  t.  pbyilol.  Cliam.. 
Bd.  1». 

■  AltuuQQ.  Pu  BoU^ReTmoDd'B  Arch..  189^  EosmI,  ibid.,  18»1. 
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acidity  and  the  quantity  of  Bubstance  ib  not  properly  selected  the  forratiUon 
of  psendonnrletDs  may  be  entirety  overlooked  in  the  digestion  of  certain 
nucleualtniniins.  PsendoiiucLeitid  uoiitaki  pliosphcruB,  which,  us  shown  by 
LiEBGRMAK'N,'  IS  gpHt  ofF  AS  Dietaphogphonc  acid  by  mineml  acida.  Tho 
pseiidonacleins  are  very  dissimilar.  One  gronp  of  these,  whose  moat 
ioiportant  representative  ia  iho  long-known  psendonticlein  from  casein, 
yields  no  redocing  substance  on  boiling  with  mineral  acida*  while  the  other 
group,  to  vhich  the  psondonaclein  from  ichthuUn  belongs,  does  yield  such 
a  substance. 

As  we  consider  tlio  trae  nncleina  as  a  combination  of  protoid  with 
nncletc  noid  so  the  pseudonncleina  may  be  designated  as  a  combination  of 
proteid  and  a  special  ucid  called  pseudo-  or  paninuclcic  acid.  ^fxc\\  an  acid 
of  charoctcriatic  properties  haa^  np  to  the  present  time,  not  been  prepared.* 

The  ]>aeiidoniicleina  are  amorphona  bodies  insoluble  In  water,  alcohol, 
and  eLlier,  but  readily  aolublti  in  dilute  iilkiilic^.  They  are  not  soluble  ia 
very  dilute  aalda,  and  may  bo  precL]iitated  from  their  Kolnlion  in  dilute 
alkHltos  t>y  adding  acid.     They  giro  tho  protoid  reactions  very  strongly. 

Ill  preparing  a  pseudonnclein,  dissolve  the  motlier-snbstance  in  hydro- 
chloric acid  of  l-'i  p.  ni.,  lilter  if  necessary,  and  luld  pepsin  solation,  and 
allow  to  stand  at  tlie  temperature  of  the  boily  for  about  'l\  boiir^.  The 
precipitate  is  filtered  off,  washed  with  water,  ami  pnrified  by  aliornaluly 
diBBolring  in  very  faintly  alkaline  water  and  roprecipitating  with  acid. 

The  true  nucleins  first  prepared  by  I^Iieschrr  and  IIoppe-Seyler  are 
not  nnbiTO  constituenta  of  the  cell,  but  laboratlon  products,  which  are 
derived  from  ihe  native  nucleoproteids  by  the  pepsin  digestion  or  by  not 
too  energetic  action  of  tho  acid.  A  part  of  the  proieid  is  hereby  split  off 
from  the  native  uucleoprotcid  and  the  insolnble  residue  poor  In  proteid  bat 
rich  in  nuuleic  acid  forms  the  so-c»lled  imcleln.  If  we  consider,  according 
to  liupPE-S}^YLt:i{,  aJ!  compound  proteich  all  substances  which  yield  aa 
cleavage  prodncts  proteids  and  another  non-proteid  component,  then  n'emnst 
also  treat  the  true  nnclcina  as  nuclooprotoidH.  There  arc  moftifie/l  nucleo- 
proteids which  differ  from  the  native  compound  proteids  in  containing  & 
greater  amount  of  phospUoras,  or  nucleic  acid.  Strictly  speaking,  all  tme 
nucleins  are  nucteopmteids,  and  for  this  reason  it  is  perhaps  best  to  drop  the 
name  nucleins,  which  aufortunately  ia  tiscJ  in  varlons  senses,  and  only 
differentiate  between  native  and  modilied  nucleoproteids.  As  from  another 
standpoint,  it  ia  probably  best  to  wait  until  we  have  furtlter  inforuiatiou  in 
regard  to  the  nature  of  the  nuclein  subatanceii  before  we  undertake  a  change 
iu  the  nomenclature,  we  will  hero  designate  aa  true  nncleinB  or  simply 

■  Ber,  d.  (IcutKli.  cbem.  Oewllsch..  Bd.  21.  hod  Centralbl.  f.  d.  med.  Wlventcli., 
\9S9. 

*  See  Milroy,  ZciUchr.  t.  pbyslol.  Chem..  Bd.  SS,  ind  Proc.  Boy.  8oc  of  Edinburgh. 
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UTicleiDB  those  modified  nncleoprotetdfl  insoluble  in  digestion  hydroclilorlc 
acid.  This  will  hardlj  lead  to  any  miftauderstanding.  According  to  this 
immenclature  the  natire  naclooproteids  correspond  to  the  nticIeoalbunilD& 
and  the  nudeins  correspond  to  the  peeudouuclttina,  which  are  moditiod 
nncleoalbaroins  rich  in  phosphorns.  The  properties  of  the  diflerent  nncleo* 
proteids  and  nncleins  are  nndoubtedly  in  part  dependent  npou  the  kind  o( 
proteid  component.  To  all  appeanmces  the  imtnre  o{  the  nucleic  oitid 
component  is  of  still  greater  importance  and  for  this  reason  the  nncleto 
acids  will  be  treated  of  first.  The  nucleoproteitU  vill  then  follow  and 
finallj  the  nucleius. 

Kncleic  Acids.  We  differentiate  between  the  various  nucleic  acids  by 
the  decomposition  prodncts  thej  yield.  All  are  rich  in  phosphorns  and 
yield  nuehin  Lases  (piirin  baeos  according  to  E.  FisrnKR)  as  cleavage 
prodncts.  Various  nucleic  acids  act  different  in  this  regard.  The  nu<rleic 
acid  from  ox-eperni  yields,  acconiitig  to  Kosski-  iilmost  entirely  xnnthin, 
while  tliat  from  the  (>air  tliynius  yieUla  oliieily  adenin  with  only  a  little 
gnanin.  Kohkei.  used  to  lie  of  iho  opinion  t1iat  there  were  probably  four 
nncleio  acids,  each  containing  only  one  of  the  nuclein  bases,  tlius  an 
adenylic,  a  giianylic  acid,  etc.  lie  has  now  given  np  this  view  in  bo  far 
as  the  nucleic  acid  from  the  thymus,  in  which  ho  only  found  adoriin, 
contains  some  guauiu.  For  this  reason  he  does  not  call  this  acid  adenylic 
acid  bat  tht/mus  nurieic  ttvid.'  That  wo  have  nucleic  acids  which  only 
contain  one  naclein  Imse  follows  from  the  nucleic  acid  isolated  by  lUxo' 
frem  the  panoreim,  guanylic  uiiil,  which  contains  gnanin  only  and  indeed 
about  36^.  We  must  dillerentiate  between  several  nncleic  acids  depending 
upon  the  nuclein  bnaes  cnnLiineil  tlierein.  We  must  also  still  admit  of 
different  nncleic  acids  from  another  point  of  view.  There  are  some,  as  the 
nucleic  acid  from  the  pancreas  and  the  t/ea/ti  mu-Uic  acid,  which  contains  a 
relatively  loosely  combined  carbohydrate  group,  which  is  rea*lily  split  off. 
Others,  on  the  contrary,  such  as  the  thymus  nncleic  acid  and  nucleic  anid 
from  the  salmon-spenn,  salmon  nucleic  acid,  no  carbohydrate  can  be  split 
oil.  Only  on  energetic  cleavage  have  KosSEi.  and  Necmann  been  able  to 
obtain  levnlinic  acid  from  thymus  nucleic  acid,  which  is  proof  of  the  pres- 
ence of  a  carbohydrate  group.  Noll*  has  also  split  off  lenilinic  acid  from 
tlie  nucleic  acid  of  sturgeon- sporm.  According  to  Nki'mann'  thymus 
nncleic  acid  is  not  a  unit,  but  consials  of  mixture  of  three  acids  which  he 


>  Tlio  works  of  KoMcl  sod  Ills  pupils  ou  iiiiclcic  nclilsnre  rmtiid  lit  Du  Bols-Hi'y- 
iDODd's  Arcb..  18&9.  ISOU,  lod  1804;  SllznogsU^r,  il.  ncrl,  AkAd.  d.  Wlwn«r1i.,  IS. 
189-1 :  (.'entnlbl.  t.  d.  mvd.  Wissctisch..  ISOS;  Her.  il.  tlculauli.  ctieui.  Goeellsnh.,  BUd. 
Muid  a?  i  Zeliscbr.  f.  i)hy«W.  Cliem..  B«l.  £3. 

*  toTMllgatloD*  not  piihllxhed  rroni  the  Author's  l&boraloi7t 

*  Zeitschr.  t  phjalol,  Cliem.,  Bd.  25. 

*  Du  Buis-Beymoud's  ArcU.,  189S.  8.  374. 
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has  designated  A  and  B  oncleic  acid  and  nncleotbrmic  acid.  Tiie  Iwo 
nucleic  acids  correspond  in  properlies  essentially  with  llie  snbstance,  which 
iisi.><)  to  be  designated  nacleic  acid.  Nitcleothjintc  acid  can  bo  split  off 
from  both  by  liydrolytic  cleavnge.  Nucleothyniic  acid,  which  difters  from 
the  real  nnclcic  acids  in  being  readily  solable  in  cold  water,  yields  thyniin, 
cytosin,  phosphoric  acid,  lerulinic  acid  and  fctmic  acid  as  cleavage  prodncttt.^^ 
AH  three  nucleic  acids  gives  'I'ollens'  peotoge  reaction.  ^| 

The  nucleic  acids  are  very  different  among  each  other  and  corresponding 
thereto  they  have  alpo  a  varying  compoRition.  They  are  all  free  from 
SDlphnr  but  coutaiu  nitrogen  and  phosphorus.  Tlio  relationship  between 
phosplionia  and  nitrogen  in  the  nocleic  acids  from  the  thyniUB,  salmon* 
spertn  and  yeast  is  as  1  :  3,  in  gnanylic  acid  as  1  :  .'i.  Nothing  is  known 
with  positivenoes  in  regard  to  the  form  of  union  of  the  phosphorns.' 

The  cleavage  products  of  the  nucleic  ucids  are  also  different.  From 
guanylic  acid  Baxo  oblaineil  only/je/i/Me,  while  on  tlie  contrary  Kossel 
obtained  pentoeo  as  well  as  hfxoM  from  yeast  nncleic  acid,  and  from  salmon 
nnclcic  acid  or  that  from  the  thymus  neither  one  nor  the  otlier  sugar  could 
bo  prepared.  A*^cnrding  to  Kossel  and  Nei'Manx  thymna  nucleic  acid 
yields  as  clnava^e  prodni^ts,  besides  adonin  and  gnanin,  thymic  acid  and  a 
crystalline  base,  ct/fmin,  with  the  probable  fonnala,  C„II„N„0,.  The 
thymic  uciil,  which  is  readily  soluble  in  water,  and  which  yields  a  bariuni 
«alt  with  the  formula,  0,,H,,Xjl*,0„B«,  solulile  in  water  and  precipitated 
by  alcohol,  yields  a  cleavage  product,  Ihr/iinn,  C\II,f»\0,,  which  is  crystal- 
line and  not  precipitatable  by  phospho-tungstic  acid,  and  which  is  charac- 
terized by  its  property  of  being  soblimed.  Thymin  occurs  as  cleavage 
products  from  other  nucleic  acids  (with  the  exception  of  gnanylic  acid)  and 
is  identical  with  iiuclecsin^  prepared  by  ScuMiKn^BEKCF  from  salmon  nucleic 
acid.  Gnanylic  acid,  on  the  contrary,  yields  no  thymin  as  a  cleavage 
product.  It  yields  gcianin  (:Hj^),  pentose  (30*)  phosphoric  anhydride, 
P,0,  (18.<)  and  a  little  ammonia.  Bano  found  fiOjt  of  the  nitrogen 
as  gtianin. 

The  composition  of  salmon  nucleic  acid  may,  according  to  MiEfirirEB 
and  SriiMiEDKBERO,'  be  represented  ly  the  formals,  f'..H„N,.O,,.2P,0,, 
and  yeast  nacleic  acid  by  C„H„X,,0„.8P,0,.  The  oomi>oBition  of  gnanylio 
acid  seems  to  be  C„H„N',.0„.P,0,. 

Tlie  nucleic  acids  are  amorphous,  white  and  acid  in  reaction.  They  are 
readily  soluble  in  ammoniacal  or  alkaline  water.  Gnanylic  acid  is  soluble 
with  dilliculty  in  cold  water  but  rather  readily  in  boiling  water,  from  which 
it  separates  on  cooling.     Quanylic  acid  ia  readily  precipitated  from  ita 


■  Ursidca  llie  works  of  KdbkI.  sm  kIso  tlioM  of  Lleberroann  la  PflQ£:er's  Arch., 
47,  Slid  0«n(r«lbl.  f.  d.  mcd.  WIwnTh..  1893,  B.  MS  and  IK. 
*  Arch.  f.  esp.  Patb.  u.  rh&tm.,  Ud.  87. 
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alkali  eonibitiBtion  br  id  exceis  of  acetic  acid.  The  otlier  nucleic  acids  are, 
oti  tlio  conLniry,  uot  jirecipitatoil  froni  such  ronibirialions  liy  mi  excess  of 
acelic  acid,  but  b^  a  slight  excess  of  hydrochloric  actd,  especially  in  Lite 
presence  of  alcohol.  In  acid  solntloDS  the  thymus  nacleic  acid,  salmoa 
nncleic  acids,  and  jeast  nncloic  acid  gives  precipitates  with  proteids,  which 
arc  considered  as  nacleine.  The  behavior  of  gaanylic  acid  in  this  regard 
baa  not  been  shown  on  account  of  the  great  difliculty  iu  diasolring  this 
acid  in  dilute  acids.  All  nucleic  acids  are  iiiHolnble  in  alcohul  and  ether. 
They  do  not  give  either  the  biuret  test  nor  NTiLr/)M*s  reaction. 

•Yea«t  nucleic  acid  may  be  best  prepared  according  to  Ai.tmaxs.' 
Each  1000  c.c.  of  yeast  i9>  treated  with  :i'-!50  c.c.  dilute  caustic  soda  of  about 
3<  for  five  ininiileB  at  the  teinjiernture  nf  the  room.  The  chief  portion  of 
the  sudiniu  hydrate  is  then  neutralized  with  hydrochloric  acid,  and  then 
acetic  acid  lublcd  iu  exfjoss.  The  liquid  Bcparated  from  the  precipitated 
proteids  is  aciditied  with  hydrochloric  acid  nntil  it  contains  'i-5  p.  in.  HC\, 
and  then  mixed  with  an  e^jual  volume  of  alcohol  of  the  same  acidity. 
Impure  nucleic  acid  sepunites  out  and  may  he  purified  hy  dissolving  in 
ammoniucal  water  and  re{>eatedly  treating,  as  aboTe,  with  acetic  acid, 
hvdrochloric  acid,  and  alcohol. 

The  meclio«l  of  preparing  thymus  nucleic  acid,  as  sugfrested  by  Ko>s'<kl,* 
i«  chiefly  OS  follows:  The  uiK^leoliiston  (iteo  below)  of  the  watery  extrort  of 
the  gland  is  trplit  by  baryta-water  aud  the  barium  precipitate  boiled  with 
vater  containing  acetic  acid  and  the  nucleic  acid  precipitated  from  the 
filtered  watery  extraf^te  by  alcohol  containing  hydrochloric  acid.  It  may  be 
purified  by  solution  in  water,  coutaining  1  p.  m.  ammonia  and  reprecipita- 
tion  with  ulcuhul  cuntaiuitig  hydrochloric  iicid. 

Salmon  nucleic  acid,  which  exists  in  the  aalmon-Bperm  in  combination 
with  the  baae  protnoiin,  h  obtained,  acrcrdiug  to  Miorii  kk  and  .S<'HM[K]ie- 
BERO,  by  extracting  (cooling  at  the  same  time)  with  hydrochloric  acid  of 
6  p.  m.,  which  dissolves  the  protamin.  The  residue  is  tlten  extracted  by  a 
slight  excess  of  caustic  soda,  ronled  to  0°  C'.,  and  fdtered,  |)rc<:ipiljited  with 
hydrochloric  acid  and  alcohol,  the  precipitate  removed  qnickly  by  means  of 
centrifugal  force,  and  washed  with  ak>uhol.  The  principle  of  the  prep&ra* 
tion  of  gnanylic  acid  is,  according  to  Hano,  to  split  the  paucreaa  nucleo- 
proteids  by  lieating  with  dilate  alkali,  filtering  vrhile  hot,  precipitating  the 
nucleic  acid  by  cooling  the  very  faintly  aciditlod  liqnid.  If  ncnoRsarr, 
concentrate  the  fluid  slij^htly.  The  nucleio  arid  may  bo  imrified  by  repeacod 
solution  in  hot  water  and  jiroAlpititting  by  noolin^  or  by  repeated  aolution 
in  alkaline  water  aud  reprecipitating  with  acetic  acid. 

Sucleoproteidi  with  relatively  high  percentage  of  phoephortts  and  of  a 
markedly  acid  character  occur  in  cell  nuclei.  According  to  the  generally 
accepted  view  they  are  combinations  of  proteidtt  with  nucleic  acid  and  yield 
cleavage  products  depending  apou  the  dilTereut  nncleic  acid  present.  They 
contain  relatively  considerable  proteid  in  the  molecale  and  hence  respond 


>  Da  BoU-Rvymuod'a  Arch.,  ISA.  Phyatol.  Abtb.,  B.  S24. 
*  B«r.  d.  deutacb.  chom.  QeaelUch..  Bd.  27.  8.  tS15. 
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to  the  ordinary  proteid  reactioni  and  therefore  are  closely  related  to  the 
prcteids  in  their  behavior.  The  native  nncleoproteids  are  very  sensitive  to 
cliemical  agents,  eren  distilled  water,  and  are  therefore  readily  changed  bj 
the  action  of  the  bodice  used  in  their  isolation.  This  is  the  essential  reason 
why  onr  knowledge  of  the  iiative  proteida  is  at  present  so  limited.  The 
cluBcsl  studied  of  the  native  HQclooproteids  is  the  so-called  nncleohiston. 

Nacleohiston  is  the  name  given  by  Kdssel  and  Liijenfeu>*  to  tha 
nncleoproteid  isolated  by  them  from  the  calf's  thymus.  Its  composition  is: 
C  4S.46;  II  7.00;  N  Ifi.SG;  P  3.025;  R  0.701;  0  2;i.95;«.  On  heating  its 
solution  it  splits  into  coagolated  prot«id.  On  peptic  digestion  it  yielda 
nuclein.  On  treating  with  liydroclilorJc  acid  of  0.8^  it  splits  into  nnclein 
aad  a  proteid  snbstance  solnble  in  hydrochloric  aoid,  and  which  differs  from 
other  proteida  in  being  insolabto  in  an  excess  of  ammonia.  Kossel  haa 
called  this  snbstance  hiftion. 

Xucleohiston  is  precipitated  from  a  nentral  solation  by  means  of  aoetio 
acid,  and  is  not  redtssolved  by  an  excess  of  acetio  acid.  The  neutral  soln- 
tion  ia  precipitated  by  alcohol,  but  not  on  saturating  with  MgSO,.  Nncleo- 
hieton  is  easily  dissolved  in  dilute  alkulieH  or  alkali  carbonates.  It  is  solublo 
in  glacial  acetic  acid,  hydrochloric  and  sulphnric  acids.  The  relationship  of 
the  uucleius  and  hiaton  to  the  coagulation  of  the  blood  will  be  spoken  of  in 
Cliapter  VI. 

Nuclcobiston  Is  prepared  by  precipitating  the  filtered  watery  extract  of 
the  gland,  free  from  cellular  elements,  with  acetic  acid,  and  purifying  by 
repeated  solution  in  water  eligfitly  alkaline  with  soda  and  precipitating  with 
acetic  aoid.  Finally  it  is  waslied  with  water  containing  acetic  acid  and  then 
with  alcohol,  then  extmcted  with  cold  miil  lint  abnolnte  alcohol  and  lastly 
with  ether.  The  same  procedure  is  resorted  to  in  the  i)rei>aration  of  the 
fiative  nucleoproteids  in  general,  but  often  with  bucccm,  extracting  with 
water  containing  0.2  p.  m.  ammonia. 

Tliti  cotnpoiiuil  jiroteliia'  tlracTibcii  by  dlliiT  (nvcstiirators  iimt«r  Ihe  namc-^  tittut 
fibrin^gtn  and  ceilfibnnogfn  are  lo  be  coiisWertt)  at  impure  nuclenlilstoii  or  bocliiv  T«ry 
closely  nilateil  llierittu.  Tlio  cyt*iyto6tn  imd  prt^Mrulin  (lescrlbtnl  by  Alkx.  St:iiiin>T*  as 
(Diporivit  ct-ll  coDslitiients  lUsn  bvloiig  U>  Itie  luinic  giuii^i  its  ilic  jmrliHibiHton  Cytoeliv 
bill  i»  lo  b«  rnii!.i(ieii?c)  itn  ibi-  alkivli  cumMtinlKin  of  pn-gluliulin.  Tbc  residue  reniHiiuDg 
on  tlic  (.-omplctp  cYlkniiatlon  of  ihi;  nidls  witli  alcitliol,  wnti^r,  nnti  romTnon-wiIt  Hnlullon  ^ 
calleii  cytin  by  Ai-EX,  KcnMii>T.  The  rfUlionshtji  of  lhe«c  hodfcs  lo  die  congulatloo  of 
bluoxl  will  he  Npokeii  of  Iti  CbKpIer  VI. 

Kuclelns  or  Tiilih  Xuclgins.  These  Imdre^  are  obtained  as  an  insoluble 
or  ditlicuUlv  soluble  residue  on  the  digestion  of  nucleoproteids  with  pepsin. 
hydrochloric  acid.  They  are  rich  in  phosphorns,  about  5^  and  above,  and 
according  to  Libbermank  *  motaphosphoric  may  aleo  ho  split  of!  from  the 
true  nncleins  (yeast  iiadeio).     The  nncleins  are  decomposed  into  proteid 

'  Zcilschr.  f.  phyilol.  Chem.,  Bd.  18. 

*  Zur  Blutloliro. 

<  PflDeer'a  Arcb..  Bd.  47. 
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ftnd  nucleic  acid  bj  caaatic  alkali,  and  as  differeot  nucleic  actds  exist,  bo 
there  &Iao  exist  difTercnt  nnclelud.  As  previously  stated,  proLfidfi  may  be 
precipitatad  in  acid  solutioDS  bj  nacleic  acids  and  in  this  way,  ua  shown  bj 
Milboy/  combinations  of  nncleic  acid  and  proteida  maj  be  prepared  which 
bchare  quite  sitniUr  to  true  nuoleins.  All  naoleiiis  yield  x<n)thin  bodies  or 
nucUiii  iasM,  so  called  by  Kossel,  on  boiling  with  dilute  uciiis.  Tho 
nacleins  contain  iron  to  a  conaiderable  extant.  They  act  like  rather  strong 
acida. 

The  nucleins  are  colorless,  amorphous,  insoluble,  or  only  sliglitly  soluble 
ia  water.  They  are  in&olnble  in  alcohol  and  ether.  Tliey  are  more  or  lese 
reaJily  dissolTed  by  dilute  alkalies.  Pepain  hydrochloric  acid  or  dilnte 
mineral  ac'ds  do  not  dissolve  them,  or  only  to  a  slight  extent.  The 
nnvleins  gire  the  binret  test  and  Millok's  reaction.  Tbey  show  a  great 
affinity  for  many  dyes,  especially  the  basic  ones,  and  take  these  up  with 
avidity  from  wubery  or  atcoliolic  fiohitious.  On  buruing  they  yield  nn  acid 
coke  containing  nietrLphosphonc  acid  and  which  is  very  ditTionlt  to  consume. 
On  fnaioa  with  saltpetre  and  soda  the  nacleins  yield  alkali  phojplmtes. 

To  prepare  nncleins  from  cells  or  tissaes,  first  remove  the  chief  ma^s  of 
proteida  by  artificial  digestion  with  pepsin  hy(lriH.'hlonc  ncirl,  lixiriuto  the 
residue  with  very  dilnte  ammonia,  tilter,  and  precipitate  with  hydrochlorio 
acid.  The  precipitate  is  further  digested  witli  gastric  juice,  washed  and 
pariQed  by  alternately  dissolving  in  very  faintly  ulkntiue  water,  and 
reprecipitating  with  an  acid,  washing  with  water,  anil  treittlng  with  alcohol- 
ether.  A  nuclcin  may  be  prepared  more  simply  by  the  digestion  of  » 
nuclcoproteid.  In  the  detection  of  nacleins  we  moke  use  of  the  above- 
described  method  and  testing  for  phospliorus  in  the  product  after  fusing 
with  saltpetre  and  soda.  Naturally  the  phosphates,  lecithins  (and  jocorin) 
mast  first  be  removed  by  treiitment  with  iM;id,  alcohol,  and  other,  respect- 
ively. We  must  specially  call  attention  to  the  fact,  as  shown  by  Likhku- 
MANX,*  of  the  very  great  difhcnlty  in  removing  lecithin  by  mean*  of 
alcohol 'ether.  Xo  exaitt  uiethods  are  known  for  the  ijuantitative  estimation 
of  nncleins  in  organs  or  tissues. 

FImUb.— On  the  aolulion  of  lliu  mickEns  fmiii  cell  nuclei  of  certain  plaiitH  in  ililiits 
MXla  •olutioii  a  residue  U  ol»l«fiied  whk-U  in  cliamcterii'.cfl  by  fw  ireal  tngoliibfllly.  Thu 
sutHiaoctt  which  forms  tlii*  miiiluv  iiu  Wcu  cillcil  !>litHliu.  Tliiii  Btilialnarn,  of  wliich 
the  fliiougiopliuiii  of  llie  Ivitly  at  ihe  cell  miil  tlie  niicleiia  ^riiimlf<i  are  allt^pt'd  to  1>e  com- 
puwil,  ia  rotiaiilBifd  fts  a  nucleiu  modidcutioD  of  9:,TtM.\  iDSoluIilllty,  altbougL  lis  uatura  ia 
Dot  koowu. 

Among  the  decomposition  products  of  nnclein  substaDces  the  nacleia 
hues  or  xanthin  bodies  are  of  ospecially  great  interest. 

Hacleiu  basea,  At,loxcrio  bases,  pckin  bases,  xanthin  bodie-s.  With 
these  DimM  we  designate  a  group  of  bodies  consisting  of  carbon,  hydrogen^ 
nitrogeny  and  in,  most  cases  also  of  OTi/ffen,  which,  by  their  composition, 
ahow  a  relationship  not  only  among  themselves,  but  also  with  uric  acid. 

'  Zeltwbr.  t.  physiul.  Clicm.,  ltd.  22.  ' 

•PflIlger'sArcb.,Bd.  M. 
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All  these  bodies,  nric  acid  incladed,  are  conBidered  as  consisting  of  an 
alloxuric  and  an  area  naclens,  and  for  this  reason  Kossel  and  ErCqeb  hare 
called  them  alloxuric  bases^  or  the  entire  group,  inclnding  uric  acid,  alloxurie 
bodies.  According  to  £.  Fischer,*  who  has  not  only  shown,  in  several 
trays,  the  close  relationship  of  nric  acid  to  this  group,  bat  has  also  prepared 
a  nnmber  of  the  members  of  this  gronp  synthetically,  they  are  all  derived 
from  a  combination  C^H,K^,  jmrin,  baring  a  carbon-nitrogen  nnclens, 
the  pnrin  unclens,  as  basis.  Pariu.  according  to  Fischer,  has  the  formula, 
N=CH 

HC        C— NHv 

[|         Ij  aCH,  and  the  different  purin  bodies  are  derived  therefrom 

N—    C—  N  '^ 
by  the  substitntion  of  the  various  hydrogen  atoms  by  hydroxyl,  amid,  or 
Alkyt  groups.     In  order  to  signify  the  different  positions  of  substitntion 
Fischer  has  proposed  to  number  the  nine  members  of  the  parin  nnclens  in 
the  following  way : 

IN— C6 

20  5C— N7. 

4       9 

HN-CO 

I  I 

CO       C-NH. 
For  example :    uric  acid,      J  ||  >C0,     is    3,    8,    S-trioxTpurio,    adenln 

HN  — 0-NH/ 

N^C.NH,  HN-CO 

He    C-NH\  CbC— N.CH, 

II     II  )CH  =  6  amidopurin,  and  beteroxuithln      ]       U        Xr^ir  =  7  methvl- 

n—c-  n/  HN-C— N/^** 

3,  S  dioxypuiiu,  etc. 

Tlic  startine-poiDt  used  by  Fibchbr  for  the  BTiitbettcal  preparation  of  the  purin  bases 
Was  2,  6,  8  trichlorpurin,  which  Is  obtaloed,  with  8oxy-2,  6-diclilorpuriD  ns  iatermedi- 
ary  products,  from  potassium  urate  nud  pljoiphorus  oxycbloride.  Tbe  close  relatloo 
betwieo  uric  acid  and  tbe  ouclein  bases  follows  from  the  fact,  'as  shown  by  Bundtik,* 
that  two  bodies  may  be  obtained  on  the  rediicllon  of  nric  acid  In  alkaline  soliiiion. 
which,  nltliou^h  not  quite  Identical  with  xanthin  and  hypoxantbln,  are  at  least  very 
similar  thereto.  Oauttkk*  claims  to  have  prepared  xaothiD  qrnthetkaUy  bybealtng 
bydmcyunlc  acid  with  water  and  acetic  ncld.* 

'  See  Fischer,  Ber.  d.  deutacb.  cbem.  GcBellscb.,  Bd.  80. 

*  Zellachr.  f.  pbysiol.  Cbem..  Bd.  23. 

*  Conipt.  rend  ,  Tome  9».  p.  1523,  and  Ber.  d.  deutscb.  cbem.  Oesellsch.,  81. 

*  E.  Fischer  gives  a  very  instructive  summary  and  review  of  his  Invesllgatloas  on  tbs 
purin  bodies  and  tbe  most  Imporiant  chemical  facta  ia  regard  to  thta  subject  In  Ber.  d. 
deutacb.  cbem.  Gesellsch.,  Bd.  32,  3.  580. 
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The  pnrin  bodies  or  aUoiario  bodies  found  in  the  animal  body  or  ita 
extract  are  as  follows:  uric  acidt  xantkin^  hetcroxatUhin  (T-methyUanthin), 
l-mcifitflj:antfiin,  paraj:anthiii  (1,  7-dimeth;IxaDthm),  guanin,  epiguantn^ 
htfjtoranthin  (sarkin),  «jii»arkin,  advnin,  and  eamin.  The  bodiea,  ffteo^ 
biomin  (3,  7-dinietli_vlxanthin),  theopht/Hn  { 1 ,  ;j-diiiietEijlxBiithin),  and 
caffHn  (I,  3,  7-trimetbyUanthm)  occurring  in  the  Tegetablo  kingdom  stand 
iu  cloao  relationship  to  this  group. 

Tliu  cx>inpi>sltton  of  these  bodies  oocurriag  In  Uie  ouliiial  body  li  u  follow*; 

Uricncfd  C,H,N,0, 

Xanihii. C.H.N.O, 

Hi:i«mxaDibfo  and  I-meibyUaniliiD C'.II.N.O) 

Purnxaiitliin CMIoN.Oi 

Ou&oln   , C'klUMtO 

Ilypoxunttiin C.H,N.O 

Ad«nln CJI.Nt 

KpisiirkiD ('.il.N,0  (7) 

Crnlii    CtH.N.Oi 

£piguj»u(D ., Cn.NtO 

After  Salokon  had  shown  the  occurrence  of  xanthin  bodies  in  young 
oella  the  importance  of  the  zanthin  Ixidies  ha  decomposition  products  of  cell 
nuclei  and  of  nucleins  was  shown  by  the  pioneering  researches  of  Kossel, 
who  dificorared  adcuin  antj  thcophytliu.  Kossel  gare  them  the  name 
nacleiu  buaes.  Iu  those  tistsiieH  in  which,  us  in  the  glands,  the  cells  hare 
kept  their  origintil  state  the  niicleid  Wea  are  not  founil  free,  but  in  com- 
bination with  other  acomic  groDps  (nucleins).  In  tiuch  tissne,  on  the 
contrary,  as  in  musclea,  which  aro  poor  in  cell  nuclei^  tbo  nuclein  based  are 
found  in  tlie  free  Btate.  As  the  nucleiu.  bases,  as  soggested  by  Kussiii., 
etand  in  eloso  relationship  to  the  cell  nucleus,  ic  is  easy  to  understand  why 
the  quantity  of  these  bodies  is  lo  greatly  increased  when  large  quantities  of 
nnclcated  cells  appear  in  such  places  ad  were  before  relatively  poorly 
endowed.  As  uii  example  of  this  wo  have  in  Icucieniia  bloud  extremely  rich 
iu  leucocytes.  In  such  blood  Ko»S£i.'  found  1.04  p.  m.  nuclein  basee, 
ugainist  only  traces  in  the  normal  blood.  That  the  nuclein  bases  are  also 
intermediate  sU!|>8  in  the  formation  of  urea  or  uric  acid  in  the  animal 
organism  is  probable,  and  will  b«  shown  later  (see  Chapter  XV). 

Only  a  few  of  the  nuclein  bases  linre  been  found  in  the  nrine  or  in  the 
muscles.  Only  four  bases — xanthin,  guanin,  hypoxanthin,  and  ndenin — 
liare  been  obtained,  thus  far,  as  cleavage  products  of  nucleins.  In  regard 
to  the  other  parin  bodies  we  refer  the  reader  to  their  respectiro  chapters. 
Only  the  above  four  bodies,  the  real  nuclein  bases,  will  be  treated  of  at  this 
time. 


<  Zeltacbr.  f.  ptiyiiol.  Cliem..  Bd.  7.  8.  90. 


116 


rns  AmxAL  cell. 


Of  tljesernUT  biidies  Die  XHntllln  nod  cuanili  f<irmoD«Bpe'Cln)  gTou[)  ntirl  liypoxnnlliin 
ami  ikduiiiii  tiUDiliKr.  JJy  thu  itciloii  of  mlrousaclii  gumila  Is  coDvcrivfl  iotu  xaotliiti  sod 
ftdeulu  into  bypcxaoihiii. 

C.H.N.O.NH  +  HNO,  =  C»H,N.O,  +  N,  +  H,0  ; 

(lUBi»i)  Xaulliia 

C.H.N.  Nil  +  UNO.  =  C.a.N.0    +  N.  -f  E,0. 

Ailirntn  ll}-pox>Titt)la 

By  pulrufucUnu  giiuitiu  vt  converled  Into  xualblii  and  adi-niu  [ulo  liypoxanlhin.     On 

Clcftvajtfl  will)  liyilRiclilurU-  acii)   ull   roiir  of  ihL-  tMMHrs  arc  rtmverleil  fntu  animoDin, 

giycoiTuil,  carbon  <iioxiitc,  iDd  f'>rnifc  odd.     On  oxiilntioo  wlih  liydrocliloric  a<^fd  and 

po[ii!isium  clilornic  xhitlliiii,  Immimlenin.  imd  liromhyiummllifnyifKi  iiDnsnn  Biid  ure*  ; 

Suaolit  yicM*  gii&iiidin.  prirabitiilc  DCJd  l»u  oxidntiou  product  of  iJloxiiti),  aud  carboo 
ioxide. 

Tlia  DQclein  boseB  form  orystalline  salts  with  mineral  ocide,  vhich  are 

ilepomposed  by  water  witli  the  exception  of  the  adenm  eaJts.  They  are 
easily  disffiolved  by  alkiiliee,  while  with  auinioiiia  their  action  is  somewhat 
diftereiit.  They  are  ull  precipitated  from  acid  eolution  by  phoepho-tiingstio 
acid,  lUti'O  Uiey  separate  as  a  silver  cooibination  on  the  addition  r>\  ammonia 
and  ammoniacul  silver-nitrate  eolation.  These  precipitates  are  sohihle  la 
boiling  nitric  acid  of  1.1  sp.  gr.  All  xanthiti  bodies  with  the  exception  of 
cafTeiii  and  theohroniin  are  precipitated  by  I''khi.ing's  solution  (see  Cliajiter 
W)  in  tlie  presence  of  a  reducing  enbstance  such  aa  hydroxylamin 
(DitiicumsL  and  Uai.kk).  Copper  sidphato  and  Bodium  bisulphite  may  also 
be  used  to  advantage  in  tlieir  precipitation  (KrCokr').  Thin  Iwhavior  of 
the  xanthin  bases  is  made  nse  of  to  the  Mune  adTautage  as  the  8ilv«r  BoiuUon 
in  their  precipitation  and  preparation. 

HN— CO 


CO 


NrTT   _ 


Xanthin,  C.HiN.O,  =     I        |l  >CH  =  2,  6-<lioxjpurin,  is  found 

h'N-C— N    '^ 

in  the  mnsclca,  liver,  spleen,  pancreas,  kidneys,  testicles,  carp-ppenn, 
thynuw,  and  brain.  It  occurs  in  email  qnoutitieB  as  a  physiological  constit- 
nent  of  urine,  and  it  baa  been  found  rarely  as  a  nrinary  sediment  or 
calcnlaa.  It  was  llrst  observed  in  sncli  a  stone  by  Makckt.  Xanthin  ii 
foand  in  larger  amouute  in  a  few  varietieB  of  guano  {.TurviH  guano). 

Xanthin  is  amorphonii,  or  forma  granular  mafts«B  of  crystals  or  may  also* 
according  to  IIuRitA<'7KW»Ki  *  separate  as  masses  of  shining,  thin,  large 
rhombic  plates  with  1  mol.  water  of  crystallization.  It  ia  very  alightlj 
BoUible  in  water,  in  U,151-H,G00  parts  at -f  16°  C,  and  in  1300-1600 
parts  at  100"  C.  (Ai.HEN').  It  is  insoluble  in  alcohol  or  ether,  hnt  ia 
readily  dissohed  by  alkalies  and  with  diftlt'ulty  by  dilute  acids.  With 
hydrochloric  acid  it  givea  a  crystalline,  diflficaltly  solnble  combination. 

'  Balke,  zur  Kcnulnlat  der  XAulliiokOrpcr.  luaug.-Diss.     Lefpsig,  160S ;— Erttger, 

ZelWclir.  r.  phyislol.  Cliem.,  Bd.  18. 

*  Zeltsclir.  f.  phyaiol.  Cbcui..  Bd.  £8. 

•  Juurn.  f.  pmkl.  Oliem  ,  Bd.  96. 
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With  Terj  little  caustic  soda  it  gircs  a  readily  crystallizable  combination, 
which  is  easily  disaolrcd  by  sn  cxcesa  of  alkali.  Xanthin  disitolred  in 
ariimonia  giroa  with  silver  nitrate  an  insoluble,  gelalinona  prec^ipitate  of 
xanthin  ailrer.  This  precipitate  is  dissolved  by  hot  nitric  acid,  and  by  this 
means  an  easily  soluble  crystalline  ilouble  combination  is  formed.  A  watery 
xanthin  solution  is  precipitated  on  boiling  with  copper  acetate.  Afc 
ordinary  temperatnres  xanthin  is  precipitated  by  nierouric  chloride  and  by 
ammoiiiaeal  basic  lead  acetate.  It  ii  not  precipitated  with  baj<ic  lead 
acetate  alone. 

When  evaporated  to  dryneas  in  a  porcelain  dish  with  nitric  acid  xanthin 
g^ives  a  yellow  residue,  which  turns,  on  the  addition  of  canstio  soda,  first 
red,  and,  afcer  heating,  purple-red.  If  we  atld  some  chloride  of  lime  to 
some  CAUfitic  soda  in  a  porcelain  dish  and  odd  the  xanthin  to  this  mixture, 
at  first  a  dark  green  and  then  quickly  a  brownish  halo  forma  around  the 
xanthin  grains  and  then  disappears  (Uoi'pe-Seylek),  If  xanthin  be 
warmed  in  a  small  vessel  on  the  water-bath  with  chlorine-water  and  a  traco 
of  nitric  acid  and  evaporated  to  dryness,  when  the  residne  is  exposed  nnder 
a  bell-jar  to  the  vapors  of  ammonia  a  red  or  parplc-violct  color  is  produced 
(WeiDEL^a  reaction).  E.  Fesciigr'  has  modi6ed  Weidel's  reaction  in  tho 
following  way.  Hw  hoiU  the  xanthin  in  a  teat-tnbe  with  chlorine- water  or 
with  hydrochloric  acid  and  a  little  potassium  chlorate,  then  evaporates  the 
Ijqnid  carefully  and  moistens  the  dry  residoo  with  ammonia. 

HK— CO 

Gnanin.  C.H>\0  =  H.NC      C— NH 

Jt_  Jl  _  y^CH  =  S   Amino  -  6  -  oxypurin. 

Goanin  is  found  in  oi^ns  rich  in  cells,  such  aa  the  liver,  spleen,  pancreas, 
testicles,  and  in  sal mon-a perm.  It  is  furtlier  fonntl  in  the  ninacles  (in  very 
small  amonnts),  in  the  scales  and  in  the  air-bladder  nf  certain  Ikhes  aa 
iridescent  crystals  of  gnanin  lime;  in  the  retina  epithelium  of  flahes,  iu 
gnano,  and  in  the  excrement  of  spiders  it  is  found  as  chief  constitnont.  It 
also  ocenrs  in  human  and  pig  nrine.  Under  pathological  conditions  it  has 
been  found  in  Icucwmio  blood,  and  in  the  muscles,  ligaments,  and  articula- 
tions of  pigs  with  goanin  gout. 

Ouauin  is  a  colorless,  ordinarily  amorphous  powder  which  may  be 
obtained  as  small  crystals  by  allowing  its  solution  in  concentrated  ammonia 
to  spontaneously  evaporate.  According  to  IIojioaczkwbki  it  may  nnder 
certain  r-onditions  appear  in  crystals,  similar  to  ceratinin  zinc  chloride. 
It  Is  nearly  insoluble  in  water,  alcohol,  and  ether.  It  is  rather  easily  dis- 
solf«d  by  mineral  acids  and  readily  by  alkalies,  but  it  diasolvea  with  great 


■  Ber.  d.  deutsch.  cbem.  Qeflellscb.,  Bd.  80.  B.  d3U. 
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difficoltj  in  ammonia.  AccordtDg*  to  Wulpf'  100  c.c.  oi  cold  ammonuh 
Kolntioti  contnining  ),  3,  and  b<i  XH,  dissolve  i),  lo,  and  ID  milligntiiimes 
gdaiiiii  respectirelj.  The  fioliibility  is  relatively  increased  Ju  tiot  utiuiioiiia 
solution.  The  kTdrocliloric-acid  salt  readily  crystallizes,  and  this  h.s  b6«n 
recommended  by  Kosskl'  in  the  mii-Toscopinal  dot«ctioii  of  guanin  on 
account  of  its  behavior  to  polarized  light.  The  sulphate  contains  *jI  moU. 
vater  of  crystalltzatlon,  which  is  completely  expelled  on  heating  to  120^  C, 
and  for  this  reason  aa  well  ns  the  fuel  that  guanin  yields  gnanidin  on 
decompoaition  with  chlorino-wiitertlifTerentiateait  from  6-Bmiiio-'^'Oxvpariii, 
which  is  ooneidered  as  an  oxidation  prodnct  of  adenin  and  possibly  occurs 
as  a  chemical  nietfl)»lic  product  (K.  Fisoueh).  The  G-amino-2-oxyparin 
Btilphato  contains  only  I  mol.  water  of  crytitullizatlou,  which  is  not  expelled 
at  120°  C.  Very  dilate  guanin  solutions  are  precipitated  by  both  picric 
acid  and  metapbospboric  acid.  These  precipitates  may  be  nsed  in  the 
quantitative  ostinmtlon  of  guanin.  The  silver  comblaatiou  dissolres  with 
difficulty  in  boiliug  nitric  acid,  and  on  cooling  the  double  combination 
cryetidlizea  out  readily.  Uaanin  acts  like  xanthin  in  the  nitric-acid  test, 
but  givei4  with  alkulies  on  Iteutiug  a  more  hUiisli-violtit  color.  A  warm  solu- 
tion of  guanin  liyilrocliloride  gives  wtLh  a  cold  eaturated  solution  of  picric 
acid  a  yellow  precipitate  consisting  of  silky  needles  (Capk.inica).  With  & 
concentrated  solution  of  potassium  biclironiatc  a  guanin  solntion  givea  a 
crystalline,  orange-red  precipitate,  and  with  a  connentrated  solution  of 
potassium  ferricyauide  a  yollowiah-brown,  crystalline  precipitate  (CaT'Ua- 
su'a).  The  composition  of  these  and  other  gnaniu  combinatious  has  been 
studied  by  KossEL  and  Wulpp.*    Onania  does  not  give  Wbidkl's  reaction. 

HN— CO 

Hypoxanthin  or  Sarkin,  CH.N.O  =  HO     C— NH 

This  body  is  found  in  the  some  ti&encs  as  xanthin.  It  is  especially  aban- 
dant  in  tlie  sperm  of  the  salmoD  and  carp.  Hypoxanthin  occurs  also  in  the 
marrow  and  in  very  small  quantities  in  normal  urine,  and,  as  it  seems,  also 
in  milk.  It  is  found  in  rather  considerable  quantities  in  the  blood  and 
urine  in  )eaca>mia. 

Uypox&nthin  forma  very  small  colorless  cPi'stalline  needles.  It  dissolves 
with  diOicnlty  in  cold  water,  but  the  etiitenieut^  in  regard  to  the  solubility 
therein  are  very  contradictory.*     It  dissolves  more  readily  in  boiling  water. 


>  ZeltKbr.  f.  phy»IoI.  Chem.,  Bd.  17. 

'  tTcber  die  cbetn.  ZiiSKmBivDMlK  der  Zvlle.  Virli.  d.  phyriol.  0( 
1800-91.  Noa.  5  and  6. 

*  Zeitachr.  f.  phyBlol.  Clioni.,  Bd.  17  ;  Capriuiini,  Had.,  Bd.  4. 
4  See  E.  Fisober,  Uer.  d.  deuttcli.  cliem.  ticsellBcb.,  Bd.  80. 
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Hi  lAMmt  70-80  parte.  It  U  nearly  insoloble  in  uloohol,  but  U  diasoKcd  hy 
acidi  and  alkalies.  The  combination  with  hydrochloric  acid  ij  crystalline, 
bat  13  more  solable  than  the  corresponding  xaothin  combioation.  This 
combination  is  easily  golnbie  in  dilute  alkalies  and  ammonia.  The  silrer 
combination  dissolves  witli  difliciilty  in  boiling  nitric  acid.  On  cooling  a 
mixture  of  two  Uypoxanthin  silver-nitrate  combinations  not  baring  a  con- 
staot  compoeition  scjwrates  out.  On  treating  this  mixture  with  ammonia 
aud  excess  of  silver  nitrate  in  the  warmth,  a  hypoxunthin  silver  combination, 
is  formed  which  wlien  dried  at  I'^O'  (!.  has  a  conetnnt  cnmjioiiition, 
2(C\U,Ag,S,0)lI,0,  and  which  is  used  in  the  qaantitative  estimation  of 
hypoxantbin.  Uypoxanthin  picratc  is  soluble  with  difliculty.  but  if  a 
boiling-hot  solntiou  of  tho  same  is  treated  with  a  neutral  or  only  faintly 
acid  eolation  of  siher  nitrate  the  hypoxantbin  ia  nearly  quantitatively  pre- 
cipitated as  the  compound  C\ll,AgN,0.C,lI,(NO,),0n.  Ilypoxantlun 
dcee  not  yield  aji  insoluble  compoond  with  metaphosphoric  acid.  When 
treated,  like  xanthin,  with  nitric  acid  it  yields  a  nearly  colorless  residue 
which  on  warming  with  alkali  does  not  turn  rod.  Uypoxanthin  does  not 
give  Weidel's  reaction.  After  the  action  of  hydrochloric  acid  and  zinc  a 
hypoxanthin  solution  becomes  first  ruby-red  and  then  brownish  red  in  color 
on  the  addition  of  an  excei!^  of  alkali  (Kosski.).  According  to  K.  Fisc'Kkb  ' 
a  red.  coloration  occnra  even  in  the  acid  solattoo. 

Adenin,  C.U.N,  =  IK;     C;— NU  v 

}(      II  ^CH  =  ft-nminoporin  was  first  fonn^ 

N={!—  N  ^ 

by  KosSEL*  in  the  pancreaB.  It  ocean  in  all  nucleated  cells,  but  Id'. 
greatest  qaantities  in  the  sperm  of  the  carp  and  in  the  thymus.  Adonin 
has  also  been  found  in  leocicmic  mine  (Stadtuauen  ').  It  may  be  obtained 
in  large  quantities  from  tea-leavea. 

Adenin  crystallizea  with  3  mol.  water  of  crystallization  in  long  needles 
which  become  opaqne  gradnally  in  the  alr^  hnt  mach  more  rapidly  when 
wanned.  If  the  crystals  are  warmed  slowly  with  a  qnantity  of  water 
imuinicient  for  solution,  they  beoomo  suddenly  cloudy  at  5:j°  C,  a  oharac- 
teristic  reaction  for  adenin.  It  dissolves  in  lOSO  parts  cold  water,  bnt  is 
easily  soluble  in  warm.  It  is  insoluble  in  ether,  but  somewhat  soluble  in 
hot  alcohol.  Adenin  is  easily  soluble  in  acids  and  alkalies.  It  is  more  easily 
Buluble  in  ammonia  solution  than  gnanin,  but  less  soluble  than  hypoxanthin. 
The  silver  combination  of  adenin  is  difficultly  soluble  in  warm  nitric  acid^ 
and  deposita  on  cooling  oa  a  cryataUlne  misturo  of  adonin.  siWer  nitrates. 


'  Koswl.  Zeltsclir.  f.  physfol.  Cbein,.  Kil.  12.  S,  252;  E.  Fluclier.  I.  c. 

*  8m  Zeilsclir.  f.  pliyslol.  Cliera.,  BJd.  10  aud  18. 

•  Vlrehow's  Artli.,  Bd.  109. 
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With  picric  acid  adenin  forms  a  compound,  G,H|N^.C,H,(NO,),OH,  which 
is  very  insolable  and  which  separates  more  readily  than  the  hypozaQthin 
picrate  and  which  can  be  used  in  the  quantitative  estimation  of  adenin. 
We  also  hare  an  adenin  mercary  picrate.  Adenin  girea  a  precipitate  which 
diBsoWes  in  an  excess  of  the  acid,  with  metaphosphoric  acid,  if  the  aolntion 
is  not  too  dilate.  Adenin  hydrochloride  gives  with  gold  chloride  a  dooble 
combination  which  consists  in  part  of  leaf-shaped  aggregations  and  in  part 
of  cubical  or  prismatic  crystals^  often  with  rounded  comers.  This  com- 
pound is  used  in  the  microscopic  detection  of  adenin.  With  the  nitric-acid 
test  and  with  Weidel*s  reaction  adenin  acts  in  the  same  way  as  hypoxan- 
thin.  The  same  is  true  for  its  behavior  to  hydrochloric  acid  and  zinc  and 
snhsequent  addition  of  alkali. 

The  principle  for  the  preparation  and  detection  of  the  four  above- 
described  xanthiu  bodies  in  organs  and  tissues  is,  according  to  Kossei,  and 
his  pupils,  as  follows:  The  finely  divided  organ  or  tissue  is  boiled  for  three 
or  four  hours  with  sulphuric  acid  of  about  5  p.  m.  The  filtered  liquid  is 
freed  from  proteid  by  basic  lead  acetate,  and  the  new  filtrate  is  treated  with 
eulphurettcd  hydrogen  to  remove  the  lead,  again  filtered,  concentrated, 
and,  after  adding  an  excess  of  ammonia,  precipitated  with  ammoniacal 
silver  nitrate.  The  silver  combination  (with  the  addition  of  some  urea  to 
prevent  nitrification)  is  dissolved  in  not  too  large  a  quantity  of  boiling  nitrio 
acid  of  sp.  gr.  1.1,  and  this  solution  filtered  boiling  hot.  On  cooling  the 
xanthin  silver  remains  in  the  solution,  while  the  double  combination  of 
guaniu,  hypoxanthin,  and  adenin  crystallizes  out.  The  xanthin  silver  may 
be  precipitated  from  the  filtrate  by  the  addition  of  ammonia,  and  the 
lanthin  set  free  by  means  of  sulphuretted  hydrogen.  The  three  above- 
mentioned  silver  nitrate  combinations  are  decomposed  in  water  with 
ammonium  sulphide  and  heat;  the  silver  sulphide  is  filtered,  the  filtrate 
concentrated,  saturated  with  ammonia,  and  digested  on  the  water-bath. 
The  guanin  remains  undissolved,  while  the  other  two  bases  pass  into  solu- 
tion. A  part  of  the  guanin  is  still  retained  by  the  silver  sulphide,  and  may 
be  liberated  by  boiling  it  with  dilute  hydrochloric  acid  and  then  saturating 
the  filtrate  with  ammonia.  When  the  above  filtrate,  containing  the  adenin 
and  hypoxanthin,  wliich  has  been,  if  necessary,  freed  from  ammonia  by 
evaporation,  is  allowed  to  cool,  the  adenin  separates,  while  the  hjrpoxanthin 
remains  in  solution.  According  to  Balkb  '  we  can  to  advantage  precipitate 
the  xantbin  bases  with  copper  salt  and  hydroxylamin  as  above  mentioned 
aud  then  further  separate  the  bodies. 

The  prominent  points  in  the  above  method  are  made  use  of  in  the  quan- 
titative estimation  of  xanthin  bodies.  The  xanthin  is  weighed  as  xanthin 
silver.  The  three  silver  nitrate  combinations  are  transformed  into  the 
corresponding  silver  combination  by  the  addition  of  ammonia  with  siUer 
nitrate  and  then  this  acted  on,  after  thorough  washing,  by  ammonium 
sulphide.  Guanin  is  weighed  as  such.  The  ammoniacal  filtrate  containing 
the  adenin  and  hypoxanthin,  and  which  must  not  be  mixed  with  the  hydro- 
chloric-acid extract  of  the  silver  sulphide,  is  neutralized  and  treated  with  a 
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cold  concentrated  Bolation  of  sodium  picrate  until  the  aolntion  is  pro- 
noancedlj  yellow.  The  adenin  picrate  ia  filtered  o£t  immediatelj,  washed 
on  the  filter  with  water,  dried  at  above  100°  C,  and  weighed.  The  filtrate 
containing  the  hypoxanthin  is  gradually  treated,  while  boiling  hot,  with 
silver  nitrate,  and  when  cold  treated  with  slWer  nitrate  to  see  whether 
precipitation  has  been  complete.  The  hypoxanthin  picrate  is  washed,  dried 
at  100°  C,  and  weighed.  In  regard  to  the  composition  of  these  componnda 
see  pages  119  and  120.  This  method  of  separating  adenin  and  hypoxanthin 
presupposes  that  the  liquid  does  not  contain  any  hydrochloric  acid. 

The  above  method  of  separation  with  ammonia  does  not  give  exact 
results  on  account  of  the  not  inconsiderable  solubility  of  guanin  in  warm 
ammonia.  According  to  Kossel  and  Wulff  '  the  gnanin  may  therefore  be 
precipitated  from  sufficiently  dilute  solationa  by  an  excess  of  metaphos- 
^oric  acid  and  the  nitrogen  determined  in  the  washed  precipitate  by 
Kjeldahl's  method.  The  adehiu  and  hypoxanthin  may  be  precipitated 
from  the  filtrate  by  ammoniacal  silver  nitrate.  The  silver  componnd  is 
decomposed  with  very  dilute  hydrochloric  acid  and  the  adenin  separatel 
!rom  the  hypoxanthin  according  to  the  saggestion  of  Bruhns.* 

Mineral  bodies  are  never-failing  constituents  of  the  cell.  These  mineral 
bodies  are  potassium,  sodium,  calcium,  magnesium,  iron,  phosphoric  acid, 
and  chlorine.  In  regard  to  the  alkalies  we  find  in  general  in  the  animal 
organism  that  the  sodium  combinations  are  more  abundant  in  the  fluids, 
and  the  potassinm  combinations  in  the  form -constituents  and  in  the  proto- 
plasm. Corresponding  to  this  the  cell  contains  potassium,  chiefly  as  phos- 
phate, while  the  sodium  and  chlorine  combinations  occur  less  abundantly. 
According  to  the  ordinary  views  the  potassium  combinations,  especially  the 
potassium  phosphate,  are  of  the  greatest  importance  for  the  life  and 
development  of  the  cell,  even  though  we  do  not  know  the  nature  of  the 
importance. 

In  regard  to  the  phosphoric  acid  there  seems  to  be  no  doubt  that  its 
importance  lies  chiefly  in  that  it  takes  part  in  the  formation  of  lecithins  and 
nncleins  and  thereby  indirectly  makes  possible  the  "processes  of  growth  and 
division,  which  are  dependent  upon  the  cell  nucleus.  Loew  *  has  shown, 
by  means  of  cultivation  experiments  on  algse  Spirogyra,  that  only  on  the 
supplying  of  phosphate  (in  his  experiments  potassium  phosphate)  was  the 
nutrition  of  the  cell  nucleus  made  possible,  and  thereby  the  growth  and 
division  of  the  cells.  The  cells  of  the  Spirogyra  can  be  kept  alive  and 
indeed  produce  starch  and  proteids  for  some  time  without  a  supply  of 
phoaphates,  but  its  growth  and  propagation  suffer. 

Iron  seems  to  occur  especially  in  the  nucleus,  because  the  nncleins  are 
very  rich  therein.  The  regular  occurrence  of  earthy  phosphates  in  all  cells 
ind  tissues,  as  also  the  difficulty  or  rather  the  impossibility  of  separating 

<  ZeUschr.  f.  pliyslol.  Cliem..  Bd.  17. 

■  Ibid.,  Bd.  14  8.  659. 

■  Blologisches  Ceotralbl..  Bd.  11. 1891,  S.  269. 
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these  bodies  from  the  protein  bodies  without  modifTing  them,  leads  to  the 
BupposicioQ  that  these  mineral  bodies  are  of  anknowQ  bat  neTertheleas  great 
importance  for  the  life  of  the  cell,  aa  veil  aa  the  chemical  processes  going 
on  within  them.  The  necessity  of  lime  salts  for  plants*  with  the  e:xception 
of  certain  lower  forms,  has  been  shown  by  the  inTestigations  of  Loew  ' 
and  others. 

>  See  BotaoUcbes  Ceotralbl.,  Bd.  71. 
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THE  BLOOD. 


The  blood  is  to  be  considered  from  a  certain  standpoiot  as  a  flnid  tissne, 
and  it  consiaU  ot  a  transparent  liquid,  ttie  blood-phtsvm,  iu  which  a  Tost 
nomlwr  of  solid  particles,  the  red  and  rchite  blood-corjmschs  (and  the  blood- 
plates)  are  saspeuded.  We  also  Giid  in  blood  granules  of  dilTerent  kinds, 
which  are  to  be  considered  as  transformation  products  of  theform-elemeiita.' 

Outside  of  the  organism  the  blood,  as  is  well  kuown,  coagulates  more  or 
lees  qaicklv;  but  this  coagulation  is  a«icomplisheil  gunurall}'  iu  ii  few  minntes 
after  leaving  the  body.  All  varieties  of  blood  do  not  coagnlate  with  the 
same  degree  of  rapidity.  Some  coagnliite  more  qaicklj,  others  more  alowlj. 
In  vertebrates  with  nut^teated  blood  oorpnscles  (birds,  reptiles,  batnichia, 
and  fifihes)  Dki.f.zknnk'  has  shown  that  the  blood  coagulntes  very  slowly, 
if  it  »  collected  under  precautions  so  that  it  does  not  come  in  contact  with 
the  tissues.  On  contact  with  the  tissues  or  with  the  tissae  extract  they 
coagnlate  in  a  few  minntet^.  The  blood  of  n  on -nucleated  blood-corpuscles 
(mammals)  coafcnUtes,  on  the  contrary^  Tery  rapidly.  Among  the  varieties 
of  blood  of  mammals  thus  far  invoattgatod  the  blood  of  the  horse  coagnlates 
most  slowly.  The  coagnlation  may  bo  more  or  lees  retjirded  tiy  quickly 
cooling;  and  if  we  allow  equine  blood  to  tJow  directly  from  the  vein  into  a 
glass  cylinder  which  is  not  too  wide  and  which  haa  been  cooled,  and  let  it 
stand  at  0°  C,  the  blood  may  be  kept  lliiid  for  sevenil  days.  An  upper, 
amber-yellow  layer  of  plasma  gradaally  separatea  from  a  lower,  red  layer 
composed  of  blood -corpuscles  with  only  a  little  plasma.  Hetween  these  we 
observe  a  whitisli-gray  layer,  which  consists  of  white  blood-cMjrpusclus. 

The  phuima  tlius  nhtainetl  and  filtered  is  a  riear  amber-yellow  alkaline 
liquid  which  remains  duid  for  Rome  time  when  kept  at  0°  ('.,  but  soon 
coagnlates  at  the  ordinary  temperature. 

The  coagnhttion  of  tho  blood  may  be  prevented  in  other  ways.  After 
the  injection  of  peptone  or,  more  correctly,  albumose  solntions  into  the 
blood  (iu  the  living  dog),  the  blood  does  not  coagulate  on  leaving  the  veins 
(Fano,  ScaMiiiT-MCLHBiM').     The  plasma  obtained  from  sticb  blood  by 

>  See  l^tscbvobcrj^r,  Wieii.  Sllziingsbcr.,  Bd.  105. 

•  CompI,  r«ad.  Soc.  it  Biol.,  Tome  40. 

*FaDO,  Du  Bolft-RermoDil'ftAKli.,  1881;  Sclimldt-Mulliclm,  ibid.,  1880. 
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means  of  centrifngftl  force  is  called  '*  pcpione-plastKa.*^  According  to 
Artuus  and  Hubek'  ttie  caseoaen  and  gelatoaes  act  similar  to  fibrin  alba- 
moses  in'dogs.  The  coagnlutioti  of  tlie  blood  of  warm-blooded  animals  is 
prevented  by  tho  iojection  of  an  effusion  of  the  mouth  of  the  oflBcinal  leech 
into  the  blood-current  (Uatckaft').  If  we  allow  the  blood  to  Qow 
directly,  while  we  stir  it,  into  a,  neutral  salt  solution — best  a  Bttaroted 
niagiioeinm-sulphate  solution  (I  vol.  salt  eoliitiuu  and  3  vols,  blood) — we 
obtain  a  mixture  of  blood  aud  salt  which  remains  uncoagulated  for  several 
days.  The  blood -corpuscles  which,  because  of  their  adhesiTeness  and 
elasticity,  would  otherwise  pass  easily  through  the  pores  of  the  filter-paper 
are  made  &olid  and  stiff  by  tlie  salt,  so  that  they  may  he  easily  filtered. 
The  plaemu  tlius  obtained,  which  does  not  coagulate  t^porituueously,  is  called 

An  CtipQcIoIly  good  method  of  presenting  coagulation  of  blood  conststs 
in  drawing  the  blood  into  a  dilate  solution  of  potassium  oxalate,  so  that  the 
mixture  contains  0.1^  oxalate  (Ahtuis  and  Pages  ').  The  soluble  calcium 
salts  of  the  blood  are  precipitated  by  the  oxalate,  and  heirco  the  blood  losoa 
its  coagulability.  On  the  other  baud  Horne*  found  that  chlorides  of 
calcitini,  barium,  and  strontium,  when  present  in  large  amounts  (^-SjS)  may 
prevent  coagulation  for  soTeral  days. 

On  coagulation  there  Beparates  in  the  prerionsly  flnid  blood  an  insoluble 
era  very  difficultly  solnblo  albnminoQS  substance,  /firiH.  AVhen  this  sep^ 
ration  takes  place  without  stirring,  the  blood  coagulates  to  a  solid  maw 
which,  when  carofnlly  serored  from  the  sides  of  the  vessel,  coutract«,  and  a 
clear,  generally  yellow-colored  liquid,  the  blood-serum,  exudea.  The  solid 
coagulum  which  encloses  the  blood -corpuscles  is  called  the  Hood-clot 
(placenta  sanguinis).  If  the  blood  is  beaten  during  coagulation,  the  fibrin 
separates  in  elastic  threads  or  fibrotis  masses,  and  the  dcjibrinaied  blood 
which  fteparate^  is  sometimtti  called  cruor,*  aud  consists  of  bloi>d-corpuaclea 
and  blood-senun.  Pefibrinateil  blood  coneiate  of  hlood-corpusclee  and 
aenim,  while  iincoagDlated  blood  conBists  of  blood-corpupplea  and  blood- 
phifinia.  The  essential  chemical  dillerence  between  blood-serum  and  blood- 
plasma  is  that  the  blood-semni  does  not  contain  even  trocea  of  ths 
niother-snlwtance  of  fibrin,  the  llbriaogeD,  which  exists  in  the  blood-ploHma, 


'  Arch,  do  physJol  (5),  8. 

*  Proc,  plipiol,  8f>c  1884,  p.  13.  Riirl  Arcli.  f.  exp.  Piilb.  n.  Pliana.  18. 
■  Arrhivca  tlv  PbjatuL    (5).  2  kik!  C'umpt.  read.  112. 

*  Journ.  of  Phystol.,  Vol.  19. 

*  The  tiumc  ervor  is  usi-d  hn  ilifli-reot  scd8».  Wesomelimce  understand  tlierebT' 
only  (lie  b)(Mid  1*11011  coagxilaud  to  a  rc<l  tolid  mnfls.  In  otlicr  mses  the  lilood-clot  nf(«r 
llie  Bcparailoii  of  Die  wnim,  nnd  loatly  the  sc^lfniGut  4:oniUFiling  of  red  blrMKl-corpuHcIiv 
which  Is  obt&lued  from  defibiiasted  blood  by  menai  of  ceutrf fugul  force  or  by  leitlag  It 
itand. 
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ud  the  sentm  ia  proportiooallv  richer  in  another  body,  the  Bbrin  ferment 
(•»I*gem). 

I.  Blood -pi  a  Hill  a  nnil  Blood-scrum. 

The  Blood-plaBDia. 

In  the  coogDlatioii  of  the  blocHl  a  chemical  tmusronimLion  tJiken  |ila(*e  iu 
the  plasma.  A  part  of  the  ^iroteul^  separates  as  in^olulilo  fibrin.  Tlie 
albonuDoas  bodies  of  the  plasma  mast  therefore  be  first  described.  Thej 
Are,  as  for  as  wc  knovrn  at  present,  fibrinoffeii,  sergtobuUn^  and  seraidumiru 

Fibrinogen  occnrs  iti  blood  •plasma,  chyle,  lymph,  and  in  certain  transa- 
dations  and  exadations.'  It  has  the  general  properties  of  the  globulins^  bub 
differs  from  other  globulins  its  fullows:  In  a  moist  condition  it  form^  white 
flakee  wliinli  are  twihible  in  ililnte  commnn-salt  eolntions,  and  which  easily 
conglomerate  into  t«>ugU,  elastic  masses  or  Inmpa.  The  solntion  in  NaCr 
of  S-10;t  coagnlatcs  ou  heating  to  4-  ^'-i-oy  C,  and  the  faintly  altcalino 
or  nearly  neutral  weak  salt  solution  coagulates  at  +  SC  C,  or  at  exactly 
the  same  temperatnre  at  which  tlie  hlood-plaema  cougnlates.  l''ibrinogea- 
■olatious  are  ])recipitated  by  an  eqnnl  vohime  of  a  saturated  conimou-sult 
Bohitiou,  and  are  completely  jtreuipitated  by  willing  an  excetis  of  XaC'l  ia 
substance  (thus  differing  from  eerglobnlin).  A  sail-free  eolation  of 
fibrluogeu  in  as  little  alkali  as  possible  gives  vith  CaCt,,  a  precipitate  con- 
taiiiiug  calcium  and  eoon  becoming  insoluble.  In  the  presence  of  NaCl  or 
by  the  addition  of  an  cxcusm  of  CuCl^  tho  precipitate  does  not  a]ij>«iir.'  It 
differs  from  myosin  of  the  muecles,  which  coagnlates  at  about  tlie  same 
temperatnre,  and  from  other  albuminous  bodies,  in  tiie  property  of  being 
converted  into  fibrin  under  certain  conditions.  Fibrinogen  lias  a  strong 
decompofiing  action  on  hydrogen  peroxide.  It  is  qnickly  made  insoluble  by 
precipitation  with  water  or  witli  dilnle  acids.'  Its  specific  rotation  is 
a(I))  =  —  52.5*  according  to  Mittki.bacii.' 

Fibrinogen  may  be  easily  aeparutcd  from  the  salt-plasma  or  oxalata 
plasma  by  precipitation  with  an  e'|U.al  vohime  of  i^  saturated  NaOl  solution. 
For  further  ]iurificuLiun  the  pr(K:ipitate  is  pressed,  redissoWed  in  nn  S'i  salt 
eolation,  the  fittrai:e  precipitated  by  u  satnrated-salt  solution  ns  aboie,  ami 
after  precipitating  in  this  way  three  times,  the  precipitate  at  last  otitaiticd 
is  presed  between  filter-paper  and  finely  divided  in  water.  The  libriiuigvn 
dissoWee  vith  the  aid  of  the  small  amonnt  of  NaCl  contained  in  itself,  and 

■  Tbo  ijucsltori  ns  Iu  tbc  occurrence  of  ottier  f!bri»ogt>ns  (WooLunEimK)  wilt  be^ 
ipokeo  of  Iq  coDuectloa  wIlL  Ui«  complete  liiKukaioii  o(  lite  coagululioii  uf  llie  bUxML 
(8w  furtlicr  on.) 

*  See  UjinimanteQ,  ZeiUchr.  t.  ptijr»loK  Cbeni..  Jkl.  S3;  Cnunor,  ibi4.,  Bd.  33. 

*  In  regcrd  to  flbrloogeu  tbc  reader  Is  referred  to  Uie  author's  Itiros^lgntioiis.  PdO- 
Cer-B  Arcliiv.,  Bdd.  10  nnd  23. 

•Zeltscbr.  f.  pliyslol.  Cbcm.,  Bd.  19. 
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tLo  solntion  may  be  made  salt-free  bj  dialysis  vith  very  faintly  alkBline 
water.  Kibrinogeii  may  also,  according  to  Ukye,'  be  prepared  by  frac- 
tionally ]irocipitating  the  plat^niii  witli  n  suttirat^d  Koliitioti  of  amnioDiuni 
Bulphnto.  We  \\a\c  nu  iiivesLigationsaa  regards  the  purity  of  the  ^brtnogeri 
flo  prepared,  l-'rom  traueudationa  we  ordinarily  obtain  a  fibrinogen  which 
ia  strongly  cintiLiiiiiDileil  with  letMtliln  and  whioli  ctiri  hardly  be  purified 
without  decomposing.  The  tnetbodt!  for  the  detection  and  quantitative 
«Btiintttion  of  librinogen  in  a  liquid  used  to  be  baseil  on  its  property  of 
yielding  fibrin  on  the  addition  of  a  little  blood,  of  Beriim,  or  of  fibrin 
ferment.  Rfye  has  suggested  the  fractional  precipitation  with  ammonium 
i^nlphikte  i\A  »  r{i]iiiititatire  method.  The  value  of  this  method  has  not  been 
£uliicieuUv  LOiited. 


The  fibrinogen  stands  in  cLoso  relation  to  its  transformation- product,  the 
fibrin. 

Fibrin  is  the  name  of  that  proteid  body  wliicli  Boparatee  on  tho  so-caltcd 
spontaneons  coagnlation  of  blood,  lymph,  and  transodation,  as  also  in  the 
-coagulation  of  a  Gbriuogeu  eolation  after  the  addition  of  Berom  or  fibrin 
ierment  (see  below). 

If  tlie  blood  is  beaten  during  coagulation,  tho  (Jbrin  separates  \\\  elastic, 
fibrous  masses.  The  fibrin  of  the  blood-clot  may  be  beaten  to  smaU,  less 
elastic,  and  not  particnlarly  fihrons  lumps.  The  typical,  fibrous,  and  clastic 
white  fibrin,  aft-cr  washing,  stauils  in  regard  to  its  solubility  close  to  the 
coagulated  proteids.  It  is  insoluble  in  water,  alcohol,  or  ether.  It  expands 
in  hyrlrochloric  acid  of  I  p.  in.,  a^  also  in  caustic  potash  or  eoda  of  1  p.  m., 
to  a  gelatinona  mass,  which  diseolires  at  the  onlinary  temperiitiire  only  after 
several  days,  but  at  the  temperature  of  the  body  it  dissolves  more  readily 
but  still  slowly.  Fibrin  may  be  dissolved  by  dilute  salt  solntions  after  a 
long  time  at  tho  ordinary  temperature  or  munh  more  reiuJily  at  40°  C,  and 
this  solntion  takes  place,  according  to  Arthhs  and  IlrRKR  and  also 
I>ASTRE,'  without  the  aid  of  micro-organisms.  According  to  fluEKN  and 
Dastkk  '  two  globuliua  are  formed  in  this  solution  of  fibrin.  Fibrin  decom- 
poses hydrogen  peroxide,  but  this  property  is  destroyed  by  heating  or  by  the 
action  of  alcohol. 

What  haa  been  said  of  the  solubility  of  fibrin  relates  only  to  the  typical 
fibriti  obtuiTied  from  the  arterial  blood  of  mammals  or  man  by  whipping  and 
washing  first  with  water  and  with  common-salt  solution,  and  then  with 
water  again.  The  blood  of  varions  kinds  of  animals  yields  fibrin  with 
somewlint  diSorent  properties,  and  according  to  Ff.rhi*  pig-fibrin  dissoli-es 
much  more  readily  in  hydrochloric  acid  of  6  p.  m.  than  ox-fibrin.     Fibrins 


'  W.  Koyc,  Ueber  Nachwels  utiJ  BetllmDiiiDg  des  FibtinogeoB,  ItiKUg.-DiM.,  Stns»- 
burg,  I!J9H. 

*  Artbur  nQiJ  Iluber,  Arcli.  t\vi  pliyslol.  (5i.  Tome  5  ;  DiuUe,  Urid.  (5),  Tome  7. 
■  OrctD.  Journ.  of  Ph>aIol.  Vol.  8;  Dostrc,  I.  c 
*ZelUchr.  f.  Biologic.  BJ.  26. 
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d[  rarying  ptuit;  or  originating  from  blood  from  different  parts  of  Lhe  bodjr 
liare  anlike  solnbilitiee. 

TIio  ftbrin  nlitaineil  by  beating  the  blood  and  purified  as  above  described 
is  alwayti  conlaniinaied  hy  enulowd  blood -c or nnsclcs  or  rc-iiiaiiis  thereof,  aud 
also  bj  lymphoid  celU.  Ic  can  only  be  ohtftitied  pnre  from  filtered  plasma 
or  filtered  transadatioDS.  For  the  pure  preparation,  as  well  as  for  the 
qaantitatiro  estimation  of  fibrin,  Lhe  Bpontaneonaly  coagulating  liquid  is  at 
once,  or  the  non-spontaneonsly  coagalating  liquid  only  after  the  addition  of 
blood -serum  or  fibrin  fenneDt.  tlioronghly  beaten  with  a  whalebone,  and 
the  separated  coagalnni  is  waslied  Grst  Jtt  nater,  and  then  with  a  5^ 
common-salt  solution,  and  again  with  water,  and  lastly  extracted  with 
alcohol  and  other.  If  the  tibrin  ia  allowed  to  stand  in  contact  with  the 
blood  from  which  it  was  formed  for  sonic  time,  it  partly  dissolves 
(iihrinolysis — Oastke-).  This  tUmnolypifl  must  I>6  prerented  in  the  exact 
qnantitative  estimation  of  Hbrin  (Dastbk). 

A  pare  fibrinogen  solntion  may  be  kept  at  the  ordinary  temperature 
tintil  ptitrefactiou  begins  without  showing  a  trace  of  fibrin  ooagalation. 
But  if  to  this  solution  we  add  a  water- washed  fibrin-clot  or  a  little  blood- 
Mnim,  it  immediately  coagulates  and  may  yield  i^erfectly  typical  fibrin. 
The  transformation  of  the  fibrinogen  into  fibrin  rorguircs  the  presence  of 
another  body  cont^ned  in  the  blood-clot  and  in  the  scrum.  This  body^ 
whose  importance  in  the  coagulation  of  tibrin  was  first  obHorved  by 
BccuANAN,'  was  later  rediscovered  by  Alkxanukb  SruMiDT'and  deslg- 
bateJ  *^  jibrin-fervieui  *'  or  thrombin.  The  nature  of  this  enzymotic  body 
baa  not  been  ascertained.  Althongb  many  investigators,  especially  Knglish, 
consider  fibrin-ferment  as  a  globulin,  still  more  recent  experiments  of 
Pekkluahixh,'  and  others  show  that  it  is  a  nucleoprottri*!.  Fibrin  ferment 
is  produced,  according  to  I'EKKi.nAniKr,,  by  the  Influence  of  soliible 
calcium  salts  on  a  preformed  zymogen  existing  in  the  non-coagulated 
plasma.  S*.H«niT  admits  of  the  presence  of  siirh  a  mother-Biibstance  of  the 
fibrin  ferment  in  the  blood  and  calls  it  prothrombin^  The  prothrombiu  as 
WtiU  r.fi  the  thrombin  is  less  soluble  in  an  excess  of  acetic  acid  than  the 
globulins,  and  yields  a  nuclein  or  a  |)seudonuc]ein  on  poptio  digestion. 
Thrombin  corresponds  to  other  en7.yuipa  in  tliat  the  very  sniullest  amount 
of  it  produces  an  action  and  its  solution  becomai  inactivo  on  heating.  It  ii 
most  acttTe  at  about  40"  C.     Prothrombin,  ocoordiug  to  I'ek£;.uabiso,  is 

I  Ardifvra  do  Pliystol.  {Of.  Tomes  !I  and  8. 

»  Lon.lon  Med.  Onzettc.  ISA  I>.  617.     Cit.  by  Gamgce,  Journal  o(  Pliyslot.,  1619. 

■  Pfltlger'e  Arcliir.  Bd.  B  ;  also  zur  Blutlelira,  "iS&i,  and  Weitera  Iklttflge  zur  BluU 
Icbrc,  IWQ. 

•  Pekcllmring.  VirhBn.iel.  d.  koo.  Akad.  il.  Wetrnacli.  te  Amilerdim ,  1893.  I>cel  1  ; 
Bnd..  18».\  and  Cealr»lbl.  f.  pliyiiol,,  IW.  9;  WHRtit.  Proc.  Hoy.  Irlali  Acad.  (3), 
Vol.  2.  Tlic  LanccI,  18d3.  sail  On  Would rlJj^e's  Meihi^l.ctc,  Briilsb  Mi-il.  Ji^uninl,  t89t. 
Lilk-iifvld,  nAemalol.  Untvnucli..  I>u  Bois  lt<>yninDd'a  Arcli.,  Mi9'i:  Uclwr  l>uiikooytea 
Qua  l)lutg«rluQuog,  Hid. ;  Ualliburton  aud  BrodU-,  Jouroal  of  Pbytlol..  Volt.  17.  16. 
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destroyed  at  altoiit  -\-  69°  C,  while  the  thrombin  is  destroyed  tt  abont  the 
same  or  somotimeB  at  a  little  higher  tenn>en»ture,  70-75"  C. 

The  UoItiitioQ  of  the  Cbriii -ferment  haa  been  tried  in  esTAnl  wavk 
Ordinarily  it  may  be  prepareil  by  the  followinp  method  proposed  by  Ales. 
SniMlDT.'  I'recipitato  tlie  sonim  or  defibriDalcd  blood  witli  l/i-20  vole,  of 
alcohol  and  allow  it  to  staod  a  few  months.  The  precipitate  la  then  Gltered 
and  dried  over  aiilphuric  acid.  The  ferment  may  be  eitracted  from  the 
dried  powder  by  means  of  water.  Other  methods  hare  been  anggested  by 
the  AUTJiait  and  by  Pkkelhahino.' 

The  preparation  of  a  thrombin  solntion,  as  free  as  ]iossih1e  from  lime, 
mav  be  done  by  removing  the  lime  salts  from  the  semm  by  means  of  oxalate 
and  precipitating  the  serum  with  alcohol  and  allowing  it  to  stand  nnder 
alcohol  for  several  months.  The  dried  powder  is  rubbed  with  water  and 
freed  from  soluble  pults  by  repented  lixiviution  with  water  and  the  use  of 
centrifupil  force.  Then  allow  each  gramme  of  powder  to  stand  some  time 
with  10<i-l50  CO.  water,  filter  and  in  this  way  obtain  a  solution  whicli  con- 
tains only  abont  0.3-0.4  p.  m.flolidsandabont  0.0007  p.  m.  CaO.    (Author.) 

If  a  fibrinogen  solution  containing  salt,  as  above  prepared,  is  treated 
irith  a  solntion  of  **  fibrio-fennent,"  it  congnlates  at  the  ordinary  tempera- 
tore  more  or  less  qnickly  and  yields  a  typical  fibrin.  Resides  the  fibrin- 
ferment  the  presence  of  nentral  »alta  is  necessary,  for  without  them  Alex. 
Scnuiot  has  shown  the  fibrin  coagnlation  does  not  take  place.  The 
presence  of  soluble  calcinni  salts  is  not,  as  generally  admitted  with  AiiTnrs, 
a  positive  oonilition  for  the  formation  of  fibrin,  lienaose  as  shown  by  Ai.kx. 
ScnuiCT,  Pkkei.iukiko,  and  the  altiiok,*  thrombin  can  transform 
Jibrinogen  into  typical  fibrin  in  the  absence  of  lime  salts  prccipttable  by 
oxalate.  Tho  quantity  of  fibrin  obtained  on  coagnlation  is  always  smaller 
tlian  the  amonnt  of  fibrinogen  from  which  the  fibrin  is  derived,  and  we 
always  find  a  email  amount  of  protein  substance  in  the  solution.  It  is 
therefore  not  improbable  that  the  fibrin  cnagulation,  in  acrardanoe  with  the 
views  first  proposed  by  Dekik,  is  a  cleavage  process  in  which  the  soloble 
Hbrinogeu  is  split  into  an  insoluble  albuminous  body,  the  fibrin,  .which 
forma  the  chief  mass,  and  a  soluble  protein  substance  which  ts  only  formed 
in  small  amounts.  We  find  a  globulin-like  substance  which  coagulates  at 
ahont  -f  fi-l"  C.  in  bloodnserum  as  well  as  in  the  eerum  from  coagnlated 
fibrinogen  solutions.  This  substance  is  called  ftbrin-globvlin  by  the 
Ai'TiioK.  The  question  whether  this  substance  exists  in  the  fibrinogen 
solution  as  contamination  or  is  formed  as  a  true  cleavage  prodnct  haa  not 
been  positively  decided. 

We  have  also  other  views  in  regard  to  the  processes  of  coagulation  in  the 


'  P(ingL-r'fl  Arch..  Bil.  8. 

»  ilmninsratoii.  PflQgct's  hrch.,  Dd.  18,  Pekplhnrinp.  ].  c. 

*  See  n&mttinrf4.eD.  Ztiischr.  f.  physioI.  CLcm.,  liii.  22,  wtiidi  also  dice  the  voilis 
of  8cUmitlt  and  P«k«]bsring. 
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formation  of  fibrin  which  ar«  even  Imb  positiTcl;  fonnded.  Th«  fact  that 
the  soluble  lime  salts  arc  not  necessary  for  the  transformation  of  tibrinogen 
into  fibria  is  not  in  contradiction  to  the  other  fact  that  they  must  be  present 
in  the  coagnlation  of  blood  or  plasma.  This  apparent  contradiction  may 
be  explained,  as  shown  later,  by  the  special  condition  of  the  p)ooi]-plasma, 
and  we  must  not  overlook  the  fact  that  the  coagulation  of  the  blood  is  a 
mneh  more  complicated  process  than  the  coagnlation  of  a  Sbrinogen  sola- 
tion,  inasmuch  as  tbo  flret  involves  other  important  questions,  as,  for 
insLauce,  tho  reaaon  for  tlio  bloml  remaitiiii^  JIuid  in  the  body,  the  origin  of 
the  fibrin-ferment,  and  tho  importance  of  the  form-elements  in  the  coagu- 
lation, etc.  A  fuller  discussion  of  the  varions  hypotheses  and  theories 
concerning  the  coagulation  of  the  blood  must  therefore  be  givcu  later. 

Bergtobnliu,  also  called  paTaghbulin  [KC us k)^  Jib rinoplastii:  substunra 
(Alex.  S<;hhidt),  serum-casein  (I'axum  '),  occurs  in  the  plasma,  serom^ 
lymph,  transudations  and  exodatious,  in  the  white  and  red  corpuucles,  and 
probably  in  many  animal  tissues  and  fonn-olemerits,  though  in  small  ij;uau- 
tities.     It  is  also  found  in  the  urine  in  many  diseases. 

Serglobalin  is  without  doubt  not  an  individoiiL  substance,  bat  consista 
of  a  mtxtnre  of  two  or  more  protein  bodies  which  cannot  be  completely  and 
positiirely  separated  from  each  other.  Under  these  ci re nm stances  the 
statements  in  rcganl  to  the  properties  of  the  serglobulins  is  naturally  some- 
what nncertoiu.  According  to  our  present  knowledge  it  has  the  follnwing 
pro^ierties : 

Serglobnlin  has  the  general  properties  of  the  globulins.  In  a  moist  con- 
dition it  forms  a  snow-white  tiaky  mass  neither  tough  nor  elastic.  Tho 
essential  diSerencott  between  serglobnlin  and  tibrinogcti  are  tlie  following: 
Berglobiilin  solutions  are  only  incompletely  precipitated  by  adding  XaCI  to 
saturation,  and  not  precipitated  at  all  by  an  e<|tinl  volume  of  a  satnrated 
common-salt  solution.  The  coagnlation  tempeniture  is,  with  d-lO^  XaCl 
in  solution,  +  7$°  C.  It  ie  completely  precipitated  by  MgSO,  in  substance 
added  to  saturation,  as  also  by  an  equal  volume  of  a  saturate<l  solittioo 
of  ammonium  solphate.  The  specific  rotatory  power,  according  to 
pR^nERlcg/  for  serglobultn  (from  ox-blood)  solutionfl  containing  salt  is 
«(D)  =  _  47.8" 

According  to  K.  MohNRU  serglobulin  yields  a  rednctug  substance  on 
boiling  with  a  dilute  acid.  The  question  whether  the  substance  we  have 
heretofore  called  serglobulin  is  a  glyooproteid  or  whether  it  ia  a  mixture  of 
globulin  with  a  glyooproteid  has  not  been  positively  decided  up  to  the 


>  KQbiie,  Lelirbuch  d.  {tliyslot.  CLvui.  Lt-ipzig.  1868-08;— Al.  Schmidt,  Arcli.  f. 
JUukL  u.  Ptiyaii>l..  1661-6^ ;  Punum,  Vlrcbow'a  Anti..  Bdil.  a  u.  4. 

'  Bull.  Aood.  Roy.  du  Bclg  (3),  SO.  Ia  regard  to  painglobulln,  txe  Ilsminnrsten, 
PflOeer'fl  Arch..  Bdd.  17  a.  19. 
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present  lime.     According'  to  Zanicttt  blood -sertim  contains  a  glycopro- 

leid." 

E.  Facst  '  bfts  i«o!fttt>c)  a  body,  which  be  calls  platolin.  from  tlie  mlxlara  of  globulfni 
whl<!h  18  separtkied  un  Imlf  satumtiti!;  borHf-M-nini  wlili  nnimontuni  sulphale.  He  coii' 
i)id(!ii  this  budj  as  an  {utrrmcdiati'  step  Itctwocu  thv  gluliu  snbsUDCCii  nod  the  true  pn>- 
Iclds.  Tl;«  oxiiiccUou  bvlwi-eii  iliU  lM>dy  ilik)  thu  gliiliii  i;ruii]>  fullows  from  Ibe  fnrt 
that  glycocol  Is  rounil  nmonf;  ibo  clourti)^  pmdiicta  of  ilits  substance.     Il  differs  from 

SlobulJri  lu  litting  lii.snliil>lu  Id  tit;uli»t  »n\\  snluUoiis  >}f  any  coiiceiitrftlioii:  it  dissolrea  \a 
ilnic  nlkaU  or  nriiinoniu,  but  is  prctiiiiliilciJ  ou  llm  a4!dllinii  of  aciJ.  Tlic  analyses  liaTo 
gWeo  tbe  follimlDg  resulu  :  C  ttl.'iO  :  II  7.24  :  2f  17.42  ;  8  0M%.  QlutollQ  does  not  cuo- 
tain  aoy  sulpbur  wlilcb  blaclicuB  Icud. 

Serglobnliii  mny  he  easily  separated  as  n  fine  floocTileiit  precipitate  from 
blood-serum  by  iietitraliziDg  or  making  faintly  acid  wiili  acetic  acid  and 
tben  diluting  with  10-20  vols,  of  water.  Kor  further  purification  tliia 
precipitate  in  disaolTed  in  dilute  coninion-salt  Bohition,  or  in  water  by  the 
aid  oi  the  SDiallest  possible  amount  of  alkali,  and  tben  reprecipitaced  by 
diluting  with  wuler  or  by  ibo  addition  of  a  little  nuetic  acid.  The 
serglobulin  may  also  be  aepanitcd  from  llic  acraTii  by  means  of  magne^iom 
or  aTiinioniuni  sidphate;  in  tJiewe  cawes  it  it)  ditlicult  to  ooiupletely  rcruova 
the  salt  by  dialrais,  The  serglobnlin  from  blood-sernm  ia  always  conL»nii- 
naied  by  lecithin  and  thrombin.  A  eerglobnlin  free  from  tlirombin  may  be 
prepared  from  ferment-free  transudatlone,  as  eometinies  from  hydrocele 
fioiiis,  and  thia  sliowa  that  Bcrj^lobulin  and  thrombin  are  different  bodiee. 
For  tho  dotectioii  and  the  (|Uiintitatirti  estimation  of  ^erglobiilin  we  may  tiso 
the  precipitation  by  magrieiiiutiiBuIphate  added  tOHatimitiou  (LIammarstkn), 
or  by  an  et]UHl  Tolumo  of  a  saturated  neutral  ammonium  sulphate  eolntion 
(Uoi'MKJSti:k  and  KArnKi:  and  J'ohl).'  In  the  qnantitatire  estimation 
the  precipilutc  Ih  collected  on  a  weighed  filter,  watihed  with  the  salt  solation 
employed,  dried  with  tlie  filter  at  about  115°  C,  tben  wa&hed  with  boiling- 
hot  water,  so  as  to  completely  renioTe  the  salt,  extracted  with  alcohol  and 
ether,  dried,  weighed  and  burnt  to  dotermino  tbe  asb. 

Seralbumin  is  found  in  large  fjuantitics  in  blood-serum,  blootl-plasma, 
lymph,  transudations,  and  exudations.  Probably  it  also  occara  in  other 
animal  liipiids  and  tissues.  The  prnteiils  which  pass  into  the  nriiis  under 
pathological  conditions  consist  largely  of  seralbomin. 

In  the  dry  state  seralbamin  forms  a  transparent,  gnmmy,  brittle,  hygro- 
scopic luaes,  or  a  white  powder  which  may  be  lieated  to  100*  C.  withoot 
dBcoiupoaiiig.  Its  solution  in  water  girea  the  ordinary  reactiona  for 
protoids;  the  specific  rotatory  power,  as  well  as  thecoagniation  temperature, 
haa  been  found  to  vary,  which  is  due  iu  the  first  place  to  the  fact  that 
what  need  to  be  considered  as  seralbumin  was  a  mixtnre  of  several  albnmitis. 
Attention  was  first  called  to  this  fact  by  Halliburtox,  who  colla  the  three 
seralbtimiiia  coagulating  at  difterent  teutperaturea  ^frtVi.  CtuitBRR  haa 
also  fonnd   tliree  difTorent  serins  in  horse-blood  aeram,  of  which  two  are 


■  MQmer.  Cealralbl.  f.  Pbysiul.,  IM.  7;  ZuntrUf,  Cbeoi.  Centnilbl.,  1B98,  6.  631. 

»  Arch.  f.  cip.  Pftih.  u.  Pbarni..  Bd.  41. 

'  nammarstea,  I.  c:  EofmeiBter.  Eaudvr,  aodPobl,  Arcb.  f.  exp.  Pbtli.  u.  Pbarm., 

Bd.  ao. 
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crjBUlline  and  the  third  amorphouB.  Miphkl'  fonnd  that  tlie  coaguUttoa 
tempenitare  for  the  crjstalHne  serin  in  dialyzed  s^t-free  solution  was 
&\-b\^  C;  it  rose  with  the  quantity  of  salt  present.  The  Bpeclfic  rotatory 
pQtver  was  rt(T>)  =  —  61*.  Tho  olemeatary  oonipOBition  wua  nearly  tha 
(tame  ■.\&  that  of  the  mixture  of  albnniins  found  by  the  author  in  hontc-blooU 
ftemin  (see  page  1^2).  One  of  the  Bering  i-rystallizes  in  hexagonal  prisma, 
tliD  other  in  long  needled.  The  coagulation  of  tlie  mixture  of  albumins 
fruin  serum  generally  takes  place  nt  70-85"  C,  bnt  is  esentially  dependent 
upon  tho  reaction  and  the  amount  of  salt  present.  The  specific  rotatory 
power  of  this  mixture  is  a{V>)  =  —  eS.U-Gl.ti*.  Up  to  the  present  time 
no  EeralbuTiiin  solution  has  been  prepared  free  from  mineral  hodiee.  A. 
solution  as  free  from  salts  as  possible  does  not  coagulate  cither  on  boiling 
or  OD  the  addition  of  alcohol.  On  the  aildition  of  a  little  common  salt  it 
I'DOgnlAtes  ill  both  cases.* 

Seralbumin  ditfers  from  the  albumin  of  the  white  of  the  hen's  egg  in 
the  following  particulars:  it  is  more  la-rogyrate;  the  precipitate  fonned  by 
hydrochloric  acid  easily  disaolvea  in  an  oxcoas  of  the  aoid;  i»  rendered  less 
insoluble  "by  alcohol;  and  lastly  it  acts  differently  inside  of  the  organism. 
If  ^g-albnmin  is  introduced  into  the  blood  circulation  tt  passes  into  the 
nrino,  while  seralbumin  does  not  in  the  same  animal  of  the  same  family.' 

In  prepariug  seralbumin,  first  remove  the  globnliDS  according  to 
Johansson,  by  satnnitingwitli  niagnesinm  eulpliate  aL  about  -j-  ^O"  C,  and 
fitlering  at  the  same  temperature.  The  cooled  titrate  is  separated  from  the 
crvstallized  salt  and  is  treated  with  acetic  acid  so  tliat  it  contains  olKtut  1%. 
The  precipitate  formed  is  filtered,  pressed,  dissolred  in  water  with  the 
iiddition  of  alkali  to  nentrn!  reaction,  and  the  solution  freed  from  salt  by 
dialysis.  The  mixture  of  albumins  muy  he  obtained  in  a  solid  form  from 
the  dialyzed  solution  by  either  evaporating  the  solution  at  a  gentle  tempera- 
ture or  by  precipitating  with  ah-obul,  which  must  be  qaickty  removed, 
^TAKKK^  has  suggested  another  method,  which  is  aleo  to  be  recommended. 
The  crystalline  seralbnmin  may  he  prepared  from  serum,  freed  from  globulin 
by  half  saturating  with  ammoninm  sulphate,  by  the  addition  of  more  salt 
until  a  cloudiness  occurs  and  then  jiroroeding  acconling  to  tho  suggestion 
of  tiC'itRER  and  ^fICIIEL.  By  acidification  with  acetic  acid  the  crystalliza- 
tioQ  may  be  considerably  enhanced  (Hoi'KIXs  and  IMnkis').     According 


'  Hatlibtirlon.  Juurn.  of  Pbyitlol..  Vols.  S  and  8;  OQrber,  SUzuogsber.  d.  pbys.< 
Died.  a«MllKh.  9111  Wtlnehtirg,  M*'H;  A.  Michel.  Verltaadl.  d.  phya  -med.  Oesellsrli.  z^ 
WQrtborg.  IW.  aa,  N.I.  3. 

*  In  reganl  to  the  rvliiUuiiiihfp  of  neulral  salts  to  heuX  cosKuIttloo,  see  J.  Stsrtie, 
fillziingtilier.  d.  Gemrllscb.  f.  Horph.  u.  Pbysiol.  In  Uuocbeu,  1887. 

•8«<f  O,  WeiM,  Plittcer'n  Areli-.  Md.  05  u.  08. 

« JohnutMiD,  ZrliRcbr.  t.  ptiyniol.  Cbvm.,  Bd.  9;  E.  fitarke,  Maly'a  Jahretber., 
Bd   11. 

*  Joiiro.  of  Physiol  ,  Vol.  23. 
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to  Krceoer'  crystalline  Bernlbumin  may  be  obtaintd  from  liome-semm, 
vliicli  has  been  free<l  from  gloViiilins  by  animoniiiin  ^iilphste,  bv  the  addi" 
tioii  of  dilute  Btilphuric  Acid  {\  normal)  until  a  elight  opalescence  ocxura. 
In  the  detection  and  quantitative  estimation  of  semlbiimin,  the  (iltrate  from: 
the  globiiliiis  wliicli  Imve  been  n-rnoTed  by  raagneslnm  Bulpliate  is  hetit^  to! 
boiling,  after  the  adilLtioii  of  a  little  acetic  acid  if  necessziry.  Tbo  srmpleat 
way  is  to  consider  the  dtfterence  between  the  total  proteida  and  tba 
globnlina  as  seralbumin.  • 

Somrniirr  of  the  elementary  cotiipuElttaQ  of  line  atwTe  meolEuoed  and  described  albu- 
min ou«  bodius; 

C  H  N            B             O 

Fibriiioffen ....  52.08  ti  00  16  66  l.SS        28.^<IIjiBai\u»TKii) 

Flljrti)  ..   ^IM  n.tMi  1691  1.10        33.48 

Flbrin-glnbiiHo ft2.70  6.98  16.0«  

SerL'liiUilui &S.71  7.01  15  86  Ml         S».3S 

Semltiiiiiiin  fl) MM  fiSS  1004  ISO        22  28 

Scmll)iimin  ('il 82.23  6.60  15.88  2.S5        22.97 

Tlie  scralbii m Ell  (3)  cnmc  fmm  n  Imirnti  rxudiitton,  and  the  oiUcr  bodiei  Froiu  horse'i 
Iilotxt.    Tlie  Abria  was  piepaied  from  a  flltereit  cotumoQ-nU  plumn. 

The  Blood-serum. 

As  above  stated,  the  blood-Beram  ia  the  clear  liquid  which  is  pressed  ont 
by  the  oontraction  of  the  blotid-clot.  It  differs  chiefly  from  the  plasma  in 
the  absence  of  fibrinogen  and  an  abiiudanRe  of  fibriii-fftrment.  Considered 
qiiiiHtativoly  the  blood-sentm  contains  the  same  chief  constituents  as  the 
blood-plaema. 

IMooil-senini  is  a  sticky  liquid  which  is  more  alkaline  than  the  plasma. 
The  specific  gravity  in  man  ia  1.037  to  1.032,  avarago  1.028.  The  color  is 
strongly  or  faintly  yellow;  in  human  blood-aerum  it  ia  pale  yellow  with  Aj 
shuAlc  towards  green,  and  in  horses  it  is  often  amber -yellow.  The  aernm  ii 
ordinarily  clear;  after  a  meal  it  may  be  opalescent,  cloudy,  or  milky  white, 
according  to  the  amount  of  fat  contained  in  the  food. 

Besides  the  above-mentioned  bodies,  the  following  constituents  are  found 
in  the  blood -plasina  or  blood-sernm: 

Fat  occurs  from  1-7  p.  m.  in  fasting  animals.  After  partaking  of  food 
the  amount  is  increased  to  a  great  extent.  We  also  find  soaps^  choUsterin^ 
M\i\hcithxn.  Gholesterin  occnrs, according  to  IICstulr,*  at  least  in  part  a« 
fatty  acid  esters  {scroUix  according  to  Boldet). 

Sugar  seems  to  be  a  physiological  constituent  of  the  plasma.  Accord* 
ing  to  the  JnTestigations  of  Abelks,  Evtald,  KCi-z,  v,  Mrriko,  Seeiies, 
and  Miliba,*  the  sugar  found  in  the  plasma  is  glucose.     Otto  found  in  tlio 

'  Ucber  die  DarstcllUDg  krystAlltnfMber,  tbleriscbcr  Eiwcfssatoffe.  Inaug.-Din. 
8liiu»burg.  18S9. 

■  Z«11iiclir.  f.  pbyilol.  Cbem.,  Bd,  SI,  irhere  Boudel  ia  eIao  ctted. 

'  V.  Mcriug.  Du  BoU-KeywoiKl'M  Airliir.  1877,  S.  D79.  Tlils  nrtlcle  couUdna  numeik 
out  rtfcreoces ;  Seeg«n,  PHQger'ii  Arch..  Hd.  40;  Mlun.  Zeiuchr.  t.  Bloio^e.  Bd.  S3. 
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plumftf  besides  glacose,  another  redaciog,  non- fermentable  sabstauce. 
According  to  Jacobsek  and  UeNRtQUEs'  this  eubstance  is  solnble  in  other 
and  is  related  to  jecorin.  Uino'  has  closely  studied  this  non-fermeu table, 
redacing  Bubstance  of  the  blood  and  consiilers  it  as  a  combination  of  sagar 
with  lecithin,  and  he  hiiM  Khonrn  that  a  niLxture  of  lecithin  and  angar  is 
uloble  in  etber  and  that  it  is  precipitable  bv  alcohol  lilie  jecorin.  Accord- 
ing to  this  investigator  jecorin  is  also  a  combination  of  lecithin'  with  glncose. 

Blood-plasma  as  well  as  lymph  contains,  according  to  Uoumaxn,  Bial 
and  Kavbubqek,*  diastase,  which  conrerts  starch  and  glycogen  into 
maltose  or  iaomaltDqe  and  a  cleavage  enzyme,  glucast  or  maltose^  which 
converts  maltose  into  glucose. 

UKKXAitD*  has  shown  that  theqnantitj  of  sagar  in  the  blood  dimintsbas 
more  or  leas  rapidly  on  leaving  the  voinB.  Lei'inr,  associated  n*ith  Bakkal, 
has  sjiecialtj  studied  this  decrease  in  the  quantity  of  sugar  and  calls  it 
ffjt/rolysix.  Lei'INH  and  Barkal,  as  well  as  Aktuijs,  hare  shown  that  tins 
gljeolysia  takes  place  in  the  complete  absence  of  micro-organisms.  It  seema 
to  be  due  to  a  soluble  qlyrolydr-  enzyme  whose  activity  rs  destroyed  by  heat- 
ing to  +  ^^°  *-'■  This  enzyme  is  derived,  according  to  the  above  Inveatiga- 
tore,  from  the  leucocytes  and  is,  according  to  Lepihe,  delivered  from  the 
pancreua  to  tlio  blood.  Acconling  to  Lepine  it  ia  formed  by  a  trHntiforma- 
tion  of  the  diastase,  but  this  is  not  so  according  to  Xa.ssk  and  Fjiamm  uud 
Papkbi.'  The  glycolysis  is,  according  to  Kasse,  ItoiiMAKN  and  Spitzkr,* 
an  oxidation  which  is  produced,  according  to  the  two  last-mentioned 
iave^tigAtors,  by  an  oxidation  ferment.  It  is  sorely  not  connected  with  the 
sarvival  of  the  cells,  bnt  whether  it  is  a  vital  or  a  post-mortem  process  is  not 
decided.'  In  the  glycolysia  prodnced  by  a  watery  extract  of  the  liver  (rEZA 
KowKSY*  fonnd  that  the  freezing-point  of  the  liquid  was  lowered  or  a 


'  Olio.  PflQ^ut's  Arch... t5(«grfO(l  review  unijeolder  literature  ou  suguT  la  tlie  blood), 
Jacubwii.  CeiiLnlbl.  f.  Pliysiol..  B<l.  6.  8.  86^;  Ijt-nriquvs.  Zellscbr.  f.  pliytio).  Cbem.. 
Bd.  33 

*  L'tuUrtOgelser  over  rcdacereudc  SubUoicr  1  Blodct.    Kotieulinveti,  18W. 

*  nniiaianu ;  ROliuiriuu  nnil  Huiiibur^-r,  Ber.  d.  dpiilai-li.  cbi-m.  Ciraellscb. ,  Bdd.  SS 
aod  37;  PtIUgvr'a  Aicli..  Bdil.  53  sud  SO  ;  Uful.  L'«t<er  dita  diaut.  Form.,  etc.  IwMg,- 
Dlw.  Bn.-sliiu,  im-l  ('ildcr  lilcraturc).    See  also  PUUger's  An-li..  Bdd.  52,  tU.  and  39. 

*  Levuii*  sur  1«  diubi^te.     Paris.  1877. 

*  Id  regsrd  lo  the  niimrrouti  rnvmolrs  of  L£p[ne  and  Lupine  et  Unrntl.  s«c  Lyon  invdl* 
cal,  Tonifs  03  and  63;  Coinpt.  rcmluH,  Tomes  110,  113.  1 13,  tittd  130;  Li'piae,  Lu  feruiont 
^yrolytlqiic  ct  h  patbogf-nlcdii  dia1>^tc  (Paris.  IS&I;.  nnd  Itcvue  nonlyiiqiie  ct  critiques 
ties  Iravaiix,  etc.,  iu  Arch,  dc  mM.  LS[wr.  (Puris,  1)403):  Itvruc  ds  rai'ileciuo,  IHUA; 
Arttius.  Arcb.  de  Pbysiol.  (5),  Tomes  8.  4 :  y»isc  and  Fmmm.  PllUgei's  Arcb..  03 ; 
P>ul«ri.  Maly's  JaUn»ber..  Bd.  86. 

■  Sve  Cb&pt«r  I. 

'^  Sec  Arthiis.  1.  c  ;  Cnloiilimmlor.  Haly's  Jabresber.,  32 ;    Rywoscb,   Cnitra!b1.  f. 
Pbyriol.,  0<l.  11,  8.  49r>. 

CMilmll)].  f.  Phvsiol..  Bd,  13. 


134 


TtTE  BLOOD. 


higlior  oantotic  prosanro.  Tltis  lowering  of  the  frmzing •point,  whicb  k 
greatest  after  passing  oxygen  throufili,  depends  on  the  formation  of  an 
unknown  bodj,  which  does  not  distil  over  and  gives  at  least  one  of  the 
acetone  relictions. 

Besides  the  mentioned  enzymes  we  hare  also  in  the  iieruin,  according  to 
the  observations  of  Hankiut  '  a  UjioiyHc  emymc:,  whicli  splits  neutral  fata. 
This  property  is  not  to  be  confounded  with  another,  observed  by  OoHBSTKls 
and  MicHAELis,*  which  conaista  in  transforming  the  fat  (chyle-fat),  in  the 
presence  of  oxygen,  into  an  onknown  subsuiitce,  ifoliibic  iu  water.  Tfaii 
property  is  connected  with  ttie  forni-elemenbH  of  the  blood. 

Tlie  scrum  nlao  coolAlns  bodies  of  ad  uuknowD  kind  wLicU  hnvc  ilic  propMiyof  pr»- 
vealiiig  ilie  action  of  c«rtiiiti  eoxyinee  «ucb  ii»  reuuiu,  p«[JMti,  uid  tiypBiD.' 

Among  the  bodies  which  are  found  in  the  blood,  and  without  doubt  met 
with  in  smaller  or  greater  amounts  in  the  plnsma,  are  to  he  mentione«5  ure(L, 
uric  mid  (found  in  human  blood  by  Akelics*),  creaitUy  carbamic  acid, 
paralactic  ncidt  and  hippuric  add.  Under  pathological  conditiooB  tba 
following  bodiei  have  been  found :  xanthin  bodies,  leucitt,  tyrosin^  and 
biliary  coii^Htuents. 

The  coloring  7natters  of  the  blood-serum  are  very  little  known.  In 
eqnine  blood-seniin  bilinry  coloring  matters,  bilirnbin,  besides  other  coloring 
matters,  often  occnr.  The  yellow  coloring  matter  of  the  semm  aseuM  to 
belong  to  the  gronp  of  luteins,  which  are  often  called  lipochromet  or  fat- 
coloring  matters.  From  ox-Borum  KRrKFNUKito  '  woe  able  to  isolate  with 
amyl  alcohol  a  so-called  hypot'hrome  whose  solution  shows  two  alaorption- 
baiids,  of  which  one  encloses  the  line  /'and  the  other  lies  between  /"and  Q. 

The  iitineral  liodie.t  in  sernni  and  pitieina  are  qnalitjitively,  but  not 
qnantitatively,  the  same.  A  part  of  the  calcinm,  magnesium,  and  phos- 
phoric acid  is  removed  on  the  coagnEation  of  the  fibrin.  By  means  of 
dialynia,  the  presence  of  sodium  chloride,  which  forms  the  chief  maia  or 
tiO-7Cl,i:  of  the  total  mineral  bodies,  also  limc-solts,  sodinm  carbonates 
beaidee  traces  of  sulphuric  and  phosphoric  acids  and  potaasinm,  maj  be 
directly  shown  in  the  serum.*  Tnu^es  of  silicic  acid,  fluorine,  copper,  iron, 
manganese,  and  ammonia  are  claimed  to  have  been  found  in  the  seram.  Aa 
in  most  animal  fluids,  the  clilorine  and  sodinm  are  in  the  blood-sernm  in 
excess  of  the  phosphoric  acid  and  potassinm  (the  occnrrence  of  which  in  the 
semm  is  even  doubted).  The  acids  found  iu  the  ash  are  not  auflicient  to 
■atnrate  the  bases  found,  a  condition  which  shows  that  a  part  of  the  bneea 

I  Compt.  rend.  loc.  b!oI.,  Tome  48,  anc)  Compt.  read..  Tome  123. 

•  PaQger-a  Areh.,  Btlrl.  fiS  u.  69. 

'  See  ItOdJii.  MhIj-'s  Jahrealwr..  Bd.  17;  M.  BaLo.  Berl.  kiln.  WocbeDscbr,  Bd.  34. 
♦Witn.  mwl.  Jabrl)Oclicr.  188*. 

*  SllzungmWr.  (I.  Jou.  GcfcLlsch.  f.  Med..  ISSd, 
■  Bee  QQrber.  Verbaodl.  d.  pbys-'med.  Oeu'llBCli.  «u  Wareburf,  Bd.  38. 
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ta  combined  iritli  organic  substances,  perhaps  proteids.  This  ccincido^  uUa 
witi)  the  fact  that  the  great  part  of  the  alkalies  does  not  exist  in  the  serum 
aa  UiflaaibloallcalicoaipouDds,  carbonate  and  phosphate,  hut  as  noO'ililTiieibla 
compound,  proteld  combination.  According  to  llAMni'ixiBii '  37<  uf  thft 
alkali  of  the  serum  from  horse-blood  was  difFtisible  and  Q'.\^  non-ditTogible. 

The  ijasea  of  the  Mooil-aerDm,  which  connist  ctiiefly  of  carbon  dioxide 
with  only  a  little  nitrogen  and  oirgen,  iriU  be  described  when  treating  of 
the  gwae  of  the  blood. 

Becanse  of  the  diflloulty  of  obtalnlnj;  plasma  onir  a  fow  analvHe^  have 
been  made.  As  an  example  the  resnlta  of  the  analyses  of  the  blood-plasma 
of  the  horse  Till  bo  given  beloir.  The  analysia  No.  1  naa  nmile  tiy  IIui'PK- 
S^YLER.'  No.  *2  \a  the  average  of  the  roaiilts  of  three  anolygea  mode  by  the 
AVTHOR.     The  fignres  are  given  in  1000  parts  of  the  plasma. 

No.  1.  No.  2. 

wiii«r we.*  ei7.« 

SolWs ftl.e  83.4 

ToUlproleida 77.6  69.S 

Fibril 10.1  B.5 

GlolmMit    88.4 

Sernlljumln 24.0 

Fal 1.81 

Extractive  tutiMuiccs 4.0  I  .„  » 

Soluble  MlU 6.4  f  '^^ 

Iiuolubte  salts 1.7  J 

Abderualoen  has  made  complete  Analyses  of  blood-Bcrnm  of  sereral 
domestic  mammals.  From  these  analysoe  ae  well  as  from  thoee  maile  bv  the 
antlior  of  the  serum  from  human,  horse,  and  ox-blood  it  follows  that  the 
amount  of  sohila  ordinarily  varies  between  70-'.>7  p.  m.  Tlie  chief  mass  of 
the  solids  consists  of  proteids,  about  55-84  p.  m.  In  hens  the  author  found 
much  lower  values,  namely,  54  p.  m.  solids  with  only  31).  5  p.  m.  proteid 
and  Ualuduuton  found  only  ^5.4  p.  m.  proteid  in  frog's  blood.  The 
relationship  between  globulin  and  oerallutniin  is,  as  shown  by  the  analyses  of 
IXauharstek,  llAM.tBrRTOM,  and  KfHBKECHT,*  Tory  different  for  dilTerent 
animals,  bnt  may  also  vary  considerable  in  the  same  variety  of  animal.  In 
human  blood-aernm  the  anthor  fonnd  more  Beralbumtn  than  globidin,  and 
the  relationship  of  serglobuUn  to  scmlbnniin  was  as  1  :  1.5.  In  regard  to 
the  quantity  of  the  remaining  organic  constituents  of  the  serum  we  refer 
the  reader  to  AnnEttitAi.nEs's  cnmplete  analyses  (imge  171).  St.  Huoarskt 
afid  F.  Tanol*  have  determined  the  molecular  concentration  of  the  blood- 

I  lo  regard  lo  nietliod  see  Dti  Buit  ReyinutuVs  Arcb.,  1898. 

I  Clt.  from  V.  Q<iriip-Bi'«ati«z'i  Jjcbrliucli  iter  pliyttol.  Oiflm..  4.  Aufl.,  [>.  846. 

*  Abilerh&Iilun,  Zvilaclir.  f.  iiUysiul.  Cbeni.,  Bil.  'itt;  Haniumrsteii,  Pllllger'a  ArcS:, 
Btl.  17  :  IlftUiburtoii  Jou)0.  of  Phytiol..  Vul.  7;  Ilubbrecbt.  Travsux  dii  laburutaire  do 
rin^liiiit  ilf  pbyBioIgm  de  Uejce,  Tume  &,  IHBft. 

'  [•flagers  Arcb.,  Bd.  7S. 
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«erain  of  certain  ntaniiiialf;,  atiJ  find  that  it  has  only  a  aliglit  variation  id 

differect  aaiiimis,  about  0.3!i0  mol.  p«r  litre.     The)*  also  found  tli&t  abont 

J  of  all  the  dissolved  molecules  of  the  blood-scruni  are  electrolj'ta^,  or  what 

anionnU  to  the  saiue  thing,  are  inorganic,  and  tliat  oorre«pondinglj  the 

osmotic  presanre  of  blood-sernm  is  brought  about  chiefly  by  tbeae  inorganic 

salts. 

The  qtiautity  of  mineral  bodies  in  the  seram  haa  beet)  determioed  bj 

Tiiariy  inveBtigator&.     The  concUiHions  drawn  from  the  analyses  is  that  there 

exists  a  rather  close  correspond  once  between  human  and   auict&l  blood- 

sercni,  and  it  is  therefore  auHic'ient  to  give  here  the  nnalyais  of  C.  ScHUinr^ 

of  (1)  human  Wood,  and  1!l'Nc;k  and  AiinKitiiALDKx's  analyeos  of  serum  of 

ox,  ball,  sheep,  goat,  pig,  rabbit,  dog,  and  cat.     The  resultB  correspond  to 

1000  parts  by  weight  of  the  aerum. 

1  2 

K,0 0.387-OJOl  ft.236-0.2TO 

Na,0 4.290-^  ^90  4. 251-1  «3 

CI 3.5a,V;j,659  S.«27-4.]70 

CiiO  0.155-0.155  0.110  0  131 

MgO 0.101 0040-0.046 

P.O.  {Inorg.) 0,053-0  085 

The  amount  of  liaCl  is  about  6  p.  m.,  and  it  is  remarkable  that  this 
amount  of  NaCI  reinnius  coiit;taiil,  so  that  with  food  coTittiiiiing  an  excesa 
of  NaCi  it  is  quickly  eliminated  by  the  urine,  and  with  food  poor  in 
chlorides  the  amount  lit  tlie  blood  first  decreases,  but  increases  after  taking 
chlorides  from  the  tissues.  The  secretion  of  chlorides  by  the  uxtue  is 
therebv  diminished. 


II.  The  Furm-vU*iiienlH  of  the  lllooil. 

The  Eed  Blood-corpuscles. 

The  blood -rorpngclea  are  roaiid,  biconcave  disks  without  membrane  and 
nucleus  in  man  and  nrnmnialia  (with  the  exception  of  tlie  llania,  the  camel, 
and  their  congeners).  In  tlio  latter  unimidB,  as  also  in  birtU,  amphibia,  and 
fishes  (with  the  exception  of  the  cyclostoma),  the  corpuscles  hare  in  general 
a  nuclens,  are  biconvex  and  more  or  less  elliptical.  The  size  raries  in 
different  aniniaU,  In  uiaii  Uiey  have  an  average  diatueter  of  7  to  8  >< 
(/(  =  0.001  mm.)  ami  a  maximum  thickness  of  1.9^.  They  are  heavier 
than  the  blood-plasma  or  serum,  and  therefore  sink  in  these  liquids.  In 
the  discharged  blood  they  may  lie  sometimes  with  their  flat  surfaces 
together,  forming  a  cylinder  like  a  roll  of  coin.  The  reaijon  for  this  i& 
unknown,  but  m  It  may  be  observed  in  defibrinated  blood  it  seems  probaldo 
that  tlie  formation  of  tibrin  has  nothing  to  do  with  it.  On  acconnl  of  the 
difterent  buoyancy  of  the  blood-corpnacles  in  defibrinated  and  not  defibri< 

'  Cit.  Hopiw-Sovier'a  Pliynfot.  ni^ni  .  1S81.  B    J:1B 
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nated  blootl  has  lead  Bit-:iiNACKi '  to  the  Tiew  that  the  blootl-corpnsclea  in 
living  Mood  coDtain  plasiim  ia  their  interior  and  give  this  out  od  death. 

Tlie  DQQibcr  of  red  blood -corpnsclei  is  difTerect  in  the  blood  of  ranona 
aniuiald.  In  the  blood  of  uian  there  are  geiierallv  G  milliou  red  corpasclea 
in  1  cinm.,  and  in  woman  4  to  4.fi  million. 

On  dilnting  the  blood  with  water  and  alternately  freezing  and  thawing 
it,  aa  uiio  on  shuking  it  with  ether,  or  by  the  action  of  chlorofonn  or  bile, 
a  remarkable  change  takes  place.  The  blood-cojoring  matters,  which  are 
hardly  free  in  tlie  blood -corpuscles,  but  are,  mtlier,  combineJ  with  some 
other  substance,  are  by  this  means  eet  free  and  pass  into  eolotion,  while  the 
remaiuder  of  each  blood-<.H}rpiiscle  fonna  a  swollen  mass.  Hy  the  action  of 
carbon  dioxide,  by  the  careful  addition  of  acids,  acid  salts,  tincture  of 
iodine,  or  certain  other  bodies,  this  Tesidae,  rich  in  protelds,  condenses  and 
la  man/  casca  the  form  of  the  blood-corpnscles  may  be  again  obtained. 
This  rcsidae  has  been  cane*!  t)ic  stroma  of  the  red  blood-corpnscles. 

To  isolate  the  stromata  of  the  blood-corpascles  they  are  washed  first  by 
dilating  the  blood  with  10-20  toIb.  of  a  \-%%  common-salt  solntion  and 
then  separating  the  miittire  by  centrifngid  force  or  by  allowing  it  to  stand 
at  a  Ion'  temperature.  This  is  repeated  a  few  times  until  the  blood- 
corpnBclen  are  freed  from  serum.  These  pnrified  blood-corpascles  are, 
according  to  Wooldriuoe,  mixed  with  5-f>  vols,  of  water  and  then  a  Utile 
ether  ia  added  ntitil  conijilote  solntion  is  obtained.  The  leucocytes 
gradaally  settle  to  the  bottom,  a  moremeiit  which  may  he  accelerated  by 
contrifngal  force,  and  the  li*|iud  which  sepnratea  therefrom  ia  very  carefnlly 
treated  with  a  1%  solntion  of  KIISO,  until  it  is  about  as  dense  as  tho  orig- 
tnid  blood.  The  Bepar:it«d  stromata  are  collected  on  a  filter  and  quickly 
washed. 

WooLWiiiME  found  as  constituents  of  the  ntronia  Irrithin,  choUsterin^ 
nucleoalhumin,  and  a  ghibuJin  which,  according  to  IIallikukton,  ia  prob- 
ably a  Ducleoproteid  wbicU  he  colls  cell-globuiin.  The  cholesterin  contained 
ia  the  blood-corpuecles  is  f roe,  according  to  IIepnek.'  The  bloodnsorpuB- 
clcs  do  not  contain  fatty  acid  cholesterin  ester.  Plasma  contains  besides 
such  esters  also  free  cholesterin.  No  uucleiu  substances  or  seralbumin  or 
albumuaes  oould  be  iletected  by  JI.M.t.int'itTOM  »nd  FitiKXn.  The  luiclunted 
red  blood-H^orpuscles  of  the  bird  contain,  according  to  I'loaz  and  IIopi'B- 
Bevler,'  nuclein  and  an  albumlnons  body  which  swells  to  a  slimy  mass  in  a 
10^  common-salt  solution,  and  which  seems  to  be  closely  relateil  to  the 
hyaline  substance  (ht^aUne  subsfance  of  JtoviDA)  occurring  iu  the  lymph- 

>  Zfil*chr.  f.  pimlot.  Clivm..  ihld.  18  uid  ^. 

'Ptmt!er"sArcli..Bil.  73. 

•WogUIrldge.  Dn  Bots- Reyinoud'B  ArcLIr..  IdSl.  S.  887.  IlftlUbnrtnu  »iid  Pri«tid, 
Journal  of  FbjsloL,  Vol.  10;  HallibiirUiU,  ibid.,  Vul.  18;  Uuppe-Scyler's  Med.  cJieio, 
l^uicnucti.,  8.  SIO. 
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cells.  Tlie  red  blood -corpuBcles  vithout  any  nocletiB  are,  as  a  role,  rprv 
poor  ill  proteid  Ijtit  are  rich  iu  lufuioglobin;  the  nucleated  corpuscles  rire 
richer  in  [U'oteid  and  poorer  la  hajmoglohin. 

A  gelatinoEifi,  ftbrin-like  protoid  boily  may  be  obtained  from  tlie  red 
blood-cor]m8ctc8  under  certain  circuni stances.  This  fibrin-like  niajs  luw 
been  observed  on  freezing  and  then  thawing  the  sediment  of  the  blcod- 
coq>DacloB,  or  on  discharging  the  spark  from  a  largo  Loyden  jar  through 
'the  blood,  or  on  dissolving  the  blood -corpuscles  of  one  kind  of  animal  in 
the  serum  of  another  (LASiioia,  sfroma-Jibrin).  In  none  of  these  cases  has 
it  been  shown  that  we  liare  to  deal  with  a  Obrin  formation  at  the  ex]M>naa 
of  the  stroma.  It  seems  only  to  hare  been  shown  that  the  red  blood- 
corpnscles  of  frog's  blood  contain  fibrinogen  (Alex.  f^cnuiDi  and 
Sehubii'). 

The  mineral  hoJies  of  the  red  corpuscles  will  bo  treated  of  in  connection 
with  the  quantitative  conslitiitiou  of  the  same. 

The  moat  inrii>ortant  constitnent  of  tlie  blood- corpnecles  from  a  physio- 
logical standpoint  seems  to  be  the  red  coloring  matter. 

Blood-coloring  Kattert. 

According  to  TIorpK-Smi.Kit'  the  coloring  matter  of  tlie  red  blood- 
corposcles  is  not  in  a  free  stute,  but  combined  with  some  other  substance. 
The  crystalline  coloring  matter,  the  haemoglobin  or  oxyha>nioglobinf  which 
may  be  isolated  from  the  bloo^l,  is  considered,  according  to  UopiT-SF.YLtK, 
as  a  cleavage  product  of  this  combination,  and  it'acts  in  mauy  ways  unlike 
the  quofltionable  combination  itself.  Thia  coinbination  is  insoluble  io 
water  uml  ancrytitaUiKable.  It  slrotigly  decompOHea  hydrogen  {>oroxide 
without  being  oxidized  itself;  it  shows  n  greater  re.sistaiice  to  certuiu 
chemical  reagents  (as  potassium  ferricyanide)  tlian  the  free  coloring  matter, 
and  lastly  it  gives  off  its  loosely  combined  oxygen  mncli  more  easily  in 
vacDuni  than  the  free  pigment.  To  distinguish  bctwcon  the  cleavage 
products,  the  haemoglobin  and  the  oxybasmoglobin,  JIuitk-Skylkr  calls 
the  combination  of  the  blood -coloring  matter  of  the  venous  blood -co  rpu  idea 
phhMin,  and  that  of  the  arterial  arterin.  Since  the  above-mentioned  com- 
bination of  the  blooi*colori[]g  matters  with  other  bodies,  for  example  (if 
they  really  do  exist)  with  lecitbiti,  have  not  been  clos<;ly  studied,  the  follow- 
ing atatementa  will  only  apply  to  tlie  free  pigment,  tlio  hii'moglobiu. 

The  color  of  the  blocjd  dejiends  in  part  on  hipmoglohin  or  pseudo- 
hmmoglohin  (see  below),  aud  in  part  on  a  molecular  combination  of  this 
with  oxygen,  the  o-njhtFmoifhbin.  We  fiud  in  blottd  after  asphyxiation 
almost  oxclnsirely  hffiuioglobiu  (and  psendo-hsmoglobin),  in  arterial  blood 

■  [.uniloU.  CVnlrslbl.  f.  il.  tneil.  W iasvuscli. ,  1S74,  8.  431;  t^tltmtdl,  PUf^r'a  Arcli-^ 
Btl.  11.  S.  &04)'r*59, 

1  Zellacljr  f.  \>\\y*\o\.  Cbem.,  Bd.  13.  S.  479. 
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dispruporlionaU'ly  large  BDionnU  of  oivhtemoglobin,  and  in  Teooas  blood  a 
mixture  of  Imih.  Blood -coloring  matters  are  found  aIro  in  striated  as  well 
n&  in  certain  smooth  muscles,  and  lastlj  in  solution  in  different  inverte- 
brates. Tbe  qaaotitf  of  haemoglobin  in  liaman  blood  may  indeed  be 
numevrhat  variable  under  different  circumstances,  but  amonnts  to  nhoat 
144  on  an  avemge,  or  H.a  grammea  have  been  detemiiiieil  for  each  kilo  of 
the  weight  of  the  hodj. 

Hmmoglobin  belongs  to  the  gronp  of  compound  proteide,  and  jieldi  as 
cleavage  prodacts,  besides  very  small  amonnts  of  Tolatlte  fatbv  acids  and 
other  bodies,  chieQ j  protet'd  and  a  coloring  matter,  htBmochromogen  (abont 
4!<),  containing  iron,  which  in  tbe  presence  of  oivgen  ia  eosiljr  oiidiKcd 
into  htpmattH.  Lawkow'  obtained  !i4. ()!>;<  proteid,  -1.47;*  ha-uiatin,  and 
1.44^  other  constitueutfi  on  the  cleavage  of  oxjhscmoglobin.  He  considers 
the  proteid,  which  was  not  soluble  In  ammonia,  and  which  gave  a  precipi- 
tate with  nitric  acid  wliicli  dissolved  on  worming  ne  a  special  protein 
eu  Instance. 

A&  suggested  by  Hoppe-Sbyi.eb,  and  later  shown  by  Schuxck  and 
M-VUCHLEWSKi  u  close  relationship  exists  between  chlorophyll  and  the  blood 
pigment  becanse  a  derivative  of  the  first,  phylloporpbyrin,  stands  very  close 
in  certain  regards  to  a.  deritatire  of  the  blood  pigment,  h:emotoporphyrin. 
Both  bD<lies  give  the  pyrol  reaction  and  both  seom  to  bo  constnicted  from 
a  niotber-sn  bit  Lance,  whuise  great  biological  importance  has  been  developed 
by  NEsrKi.* 

The  haemoglobin  prepared  from  different  kinds  of  blood  has  not  exactly 

the  same  composition,  which  seems  to  indicate  the  presence  of  different 

haMnoglobins.     The  analyses  of  different  investigators  of  tbo  hfl?moglobjn 

from  tbe  same  kind  of  blood  do  not  always  agree  with  one  another,  which 

probably  depends  upon  the  somewhat  various  methotis  of  preparation.     The 

following  analyses  are  given  as  examples  of  the  constitution  of  different 

haemoglobins: 

R»mo){lobIa  (rum  tbo    C 

Dog 1B.85 

■•    H.67 

Hone M.87 

•■     ftLl-i 

Ox......... MM 

Pif. M.i: 

"     54.71 

Ouinra-pig M.lS 

Bqulrrel 54.00 

Goose S4.24 

Heo 0^.47 

*  According  to  more  recent  detvrminaiious  of  H&ptier  und  Jaquet(Dii  Dois-Re/- 
t-annd's  Arcli.,  1604.  S.  ITS),  Ltic  quniitity  of  iruu  in  us-lin'iuugloliio  is  U.8^  ^avoruge  of 
I  SBitlyscs}. 

>  Zellacbr.  f.  \ihyt\o\.  Ghcni  ,  Bii.  2fl, 

'  ScbuDckand  Mnrcblowaki.  Aoaul.  d.  Cbeto.  u.  Pbunu.,  Bdd.  276.  S84t  888.  380; 
KvDckf,  Bcr.  d.  deuiacb.  ch«in.  OesoUtwIj..  Bd.  30. 


H 

N 

8 

Pe 

0 

P.O. 

7.32 

16.17 

0  800 

0.4S0 

31  .$4 

.....  fnOPI'B-SETLIlR) 

7.23 

10.33 

O.SIW 

0  330 

30  03 

8.ft7 

17.31 

O.(l.'i0 

0.470 

10.78 

<KUB8KL) 

6.76 

17.  B4 

n.sS'O 

0  339 

£3.43 

7.25 

i;.70 

0  «7 

0.400*  10.543 

.....  (Ut^KKK) 

7.3» 

16.'i;i 

o.eno 

0.480 

21.880 

Hy-rro) 

7.8S 

17.48 

0.470 

0  300 

1^.003 

7.38 

18.78 

U.5P0 

0.490 

20ftdO 

(HoprrSsTLKii) 

7.39 

iQ.ns 

0,400 

0.590 

31  440 

<i 

7.10 

16.21 

O.MO 

0.480 

2o.afto 

0.77 

7.1» 

16.45 

0.857 

0.335 

22,500 

0.107  (JAQrar) 
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The  qiieetion  wliether  tlie  amonnt  of  pliosplioms  in  tlie  tiopmoglobin 
from  birds  exists  as  a  contamination  or  aa  a  constitnent  has  not  becQ 
decided.  According  to  Ikoko  the  htvmoglobin  from  gooseys  blood  consista 
of  a  combination  between  nucleic  acid  and  hamioglobiu.  In  the  hremo- 
globiu  from  the  horse  (Zinofpskv),  the  pig,  and  the  ox  (Ilf^FUiiR)  we  have 
1  atom  of  iron  to  2  atoms  of  sulphur,  while  in  the  hnemoglobln  from  the 
dog  (JAyi'Bi)  the  relation  is  1  to  3.  From  the  data  of  the  elementary 
analysift,  as  also  from  the  amount  of  loosely  combined  oxvgen,  ITt'FNEh' 
has  calculated  the  molecular  weight  of  dog-hsemoglobin  as  14,129  and  the 
fomiula  C,„Il„,^^■,„FeS,0,„.  The  molecnlar  weight  is  therefore  very 
litgh.  The  hiifmoglobin  from  various  kinds  of  blood  not  only  shows  a 
diverse  constitntion,  but  also  a  different  soEnbility  and  crvstalline  form,  and 
a  rarving  quantity  of  water  of  crrstullization;  hence  we  infer  that  there  are 
sevornl  kinds  of  hiemoglohin.  Bouk  is  a  very  zealous  advocate  of  ihia 
Ruppodition.  He  has  been  able  to  obtain  htemoglobiu  from  dog  and  horse 
blood,  by  fractional  cryslalliKatJon,  which  ha<l  dilTerent  power  of  combiuing 
with  oxygen  and  containing  difforent  quantities  of  iron.  Hui'i>F:-8Erj.Ea 
bad  alreatly  prepared  two  different  forms  of  haemoglobin  uryittaU  from 
horse's  blood,  and  Bomi  conclmles  from  a  collection  of  these  observations 
that  the  ordinary  hiemoglobin  consists  of  a  mixture  of  dllTcrent  lifemo- 
globins.  Id  opposition  to  this  statement  IIOfner'  has  shown  that  only 
one  hrpmoglobin  exists  in  ox-blood,  and  that  this  is  probably  tme  for  the 
blood  of  m^ny  other  animals. 

OxyhEemoglohin,    which    has    also   been  called    n.T.MATOflLOBruN   or 

n.«MATOciiYSTAi,i.iN,    is    a  molecular  combination  of    hipmoglobin    and 

oiygen.     For  each  molecule  of  hiemoglobin  1  molecule  of  oxygen  exists; 

and  the  amount  of  loosely  combined  oxygon  which  is  united  to  1  grm. 

haemoglobin   (uf  the  ox)   has  been  determined  by   IICfneu'  as   1.34  cc 

(calculated  at  0'*  C.  and  700  mm.  mercury). 

AccL^nliiig  to  Boiiit.  tilt)  frtclij  ii.ro  different.  IX«  dlffcrenllntes  belwevu  four  diffcrput 
oityliiErnftpUibtns,  sccunHng  liUlie  qiinntity  ufoxj-Kcn  wtiU-h  tliey  ahsurb,  Diiuiely,  n-.  /J,. 
V  .  iiD(l  J-uxyli[i:mo^1oblD,  all  LilvIlij^  (lie  enmc  absorpikiD-siHCtrum  iind  1  K'ii.  coinbin* 
inn  w'"i  ttfli»c<:tiTBly  0,4,  0.8,  1.7.  ami  2.Tcf.  uxviroii  aL  lim  u-uiponititn'nf  Ihw  room  nod 
wliU  an  oxj'gcQ  prCMure  of  150  inm.  mcrciirv.  Tlip  ^-oxylwmoglobir  U  ibeordiunry 
line  otiuiiripil  liy  lh«  rustotnnry  nielhcxl  of  pTepmnlioii.  litiiiu  (li-&i^niitp.<<  iiii  n-nxyliv- 
mo^lobin  ilip  crytUlltne  powder  (ihlntned  l>y  ilrylni;  y  n%\\\iv\nos:\n\<\n  in  ilic  air.  On 
ilissulvjug  ct-oxybtt!ii)Dj;loLia  in  water  it  is  coaveiteil  Into  ^-lia^Uiogtobiii  wilLoul  decuiu- 
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^  lloppc-Svylcr,  Med.  cbcm.  Uatvrmicb.,  S.  370  ;  .Toquet.  ZcitnJir.  f.  pbynJol.  Chen.* 
IVl.  U.  S.  aOO;  Koflscl,  ibid..  Bd.  3,  8.  150;  ZinofT«ky.  tind.,  Bd,  10;  IlDfner  Bcftf. 
z.  Pitysiol..  Feslscbr.  f.  C.  Ludwif.  1S87.  8.  71-fll.  Joiirn.  f.  prulil.  Cbeiii.  (N.  F.), 
Bd.  22;  Ottt),  Zcinrbr.   f.  pbystol.  Cliein.,  Bd.  7.  8.  fil  ;  Tnoko.  thirl..  Rd.  I?, 

*"  Stir  )fs  cotnbiriiilsoiis  til)  l'li^i>ingbi>iii)eiive«  I'oxy^t'riv."  Kxtruit  dn  Bulletin  de 
1'A.cadvtnt«  Itoyikle  DnnolM  di»  sclcncoft.  1890;  nlso  Ceulrulbl.  t.  Phy^iol.,  l»9U.  8.  248; 
Eapiw-Seylcr,  Zeilacbr.  f.  pbysioL  Cbem.,  Bd.  2  -  llQfuci,  Du  Buls- Keymuod's  Arch.. 
18d4. 
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poiition.  and  Ibc  qiuuitlly  of  Imo  le  lucrwwci]  On  keeping  n  »oIiiticm  of  y  oxylittiuo- 
gloUo  ill  ■  neaied  lube  ii.  is  Unnarunutd  mto  ^-oxyliicuioftToliia,  aliliouglj  lUt!  riiciim- 
sUacM  of  tbis  chnnge  are  not  ktiuwc.  Atourdiu^-  id  HnCtiL-r*  lliese  are  iiotliiiig  but  & 
Bllxian  of  geDuiD«  autl  partljr  decotnpowd  bttmog!oblii«. 

The  ability  of  baemoglobin  to  take  up  oxrgon  seems  to  be  »  function  oF 
the  iron  it  contains,  and  when  this  is  calculated  as  aboat  0.33-0.40^^  then 
1  atom  o(  iron  in  the  heemoglobiu  corresponds  to  nliout  3  atoms  =  1  niole- 
cdIb  of  oxygen.  The  combination  of  hicmoglobin  wibli  oxjgen  is,  as  has 
been  abated,  loose  and  disoociatable,  and  the  quantity  of  oxvgeu  taken  up 
bj  a  hemoglobin  solution  dejwuds  upon  the  partial  preBsure  of  the  oxygen 
at  that  tetnjienilure.  If  this  latter  be  decreased  by  means  of  a  vaciiiini^ 
especially  on  gently  lieating  or  by  piuising  some  indiftercnt  gas  through  tli& 
BolatioQ*  all  ol  the  oxygen  may  bo  expelled  from  aD  cxytuumoglobin  solotion 
BO  that  only  hromoglobin  remains.  The  reverse  of  this  is  trae  of  a  hipmo- 
globin  Boluiion  which  by  its  remarkable  attraction  for  oxygen  may  be 
conTerted  into  oxyhfemoglobin.  UxyhiemoglobiQ  is  generally  considered  aa 
B  weak  acid. 

Oiyha-moglobin  has  been  obtained  in  cryctals  from  Reveral  varieties  of 
blood.  Tbese  crystals  are  blood-red,  transparent,  silky,  and  may  be  ^3 
mm.  long.  The  oxybcpmoglcbin  from  sqairrePs  blood  crystatlizea  in  six- 
aide«l  plates  of  the  hexngonal  system;  the  other  varieties  of  blood  yield 
needles,  prisms,  tetrahedra,  or  plates  which  belong  to  the  rhombic  system. 
Th«  quantity  of  water  of  crystjilli/ation  Tariea  between  3-lOj<  for  tbo 
different  oxyhiumoglobins.  When  coin]>letely  dried  at  a  low  temperalnrer 
over  sulphuric  acid  the  crystals  may  be  heated  to  11(V-115''  C.  vlthout 
decomposing.  At  higher  tcmpcraturcB,  somewhat  abore  160°  C,  they 
deconi]>ose,  giving  an  odor  of  burnt,  liorn,  and  leave,  after  complete  com- 
buslioti,  an  ash  consisting  of  oxide  of  iron.  The  oxyheon^oglobln  crysLaU- 
from  difficultly  crystallizable  kinds  of  blood,  for  example  from  such  as  ox*s^ 
human,  and  pig's  blood,  are  easily  soluble  in  water.  The  oxylnemogloblo- 
from  easily  crystullixable  blood,  iM  from  that  of  the  horse,  dog,  squirrel*, 
and  guinea-pig,  are  soluble  with  diSicuUy  in  the  order  above  giren.  Tbo 
oiyhsemoglobin  dissolves  more  easily  in  n  very  dilute  solution  of  alkali  ear- 
Ifonate  than  in  pure  water,  and  this  solution  may  be  kt'pt.  The  preneiice 
of  a  little  too  much  alkali  causes  tbe  oxy haemoglobin  to  quickly  decom)>ose. 
The  crystals  are  insoluble  without  decolorization  in  absolute  alcoUol. 
According  to  Nekcsi,*  it  is  hereby  converted  into  an  isomeric  or  polymeric 
modification,  calletl  by  him  parahamorfhbin,  Oxybwrnoglobin  is  insoluble, 
in  ether,  chloroform,  benzol,  and  carbon  disulphide. 

A  solution  of  oxy haemoglobin  in  water  is  precipitated  by  many  ineLOlicr; 
Bdta,  bat  is  not  precipitated  by  sugar  of  lead  or  basic  lead  acctutu.     Ou. 


'  Du  BolflRexmond'a  Arcliiv.  ]8tM. 

"Keackl  aud  Bieber.  Ber.  d.  dcuiach.  cliem.  Gesellacli..  Bd.  18. 
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lieatin^  the  watery  soInLion  it  ddcompoaes  at  R0°  to  70"  C,  and  it  epiits  off 

proteiil  niid  httniatin.  Ic  ib  also  readily  dccompo«ed  by  acids,  alkalies,  aod 
many  metallic  suits.  It  gives  tbe  ordinary  reactions  for  protcids,  with  the 
ordinary  proteid  reagents  which  first  decompose  the  oxyhtemoglobio  with 
the  itplittiug  olT  of  proteid. 

The  oxyha-moglobin  may,  when  it  is  gradually  oxidized,  act  as  an 
**osono  exciter"  by  the  decomposition  of  neutral  oxygen,  converting  it 
into  active  oxygen  (?pi.unEtt ').  It  may  also  hare  another  relation  to 
ozone,  aince  it  hufl  tbe  property  of  an  "  ozone  transmitter  *'  in  that  it  caQse« 
the  reaotion  of  certain  reagents  (turpentine)  containing  ozone  upon  ozone 
reagents  stich  n.s  tinctnre  of  guaiacnm. 

A  sullicieiitly  dilute  solution  of  oxyli»nioglobin  or  arterial  blood  shows 
a  spectrnni  with  two  absorptioii-lmnds  between  the  Fra.uniiofeb  lines  D 
and  E.  The  one  band,  a,  wlnub  is  narroiver  but  darker  and  i!bar[>er,  lies 
on  the  line  D\  the  otiier,  broader,  less  defined  and  less  dark  band,  /f,  lies 
at  E.  These  bands  can  be  detected  in  a  layer  of  I  cm.  thick  of  a  0.1 
|>.  m.  solution  of  oxvhni^moglobin.  In  n  still  weaker  dilution  the  band  /3 
6r8t  disappears.  Ity  increased  concentration  of  the  solntion  the  two  bands 
become  broader,  the  space  between  them  smaller  or  entirely  obliterated,  and 
at  tire  Biiine  time  the  blue  and  violet  part  of  the  ii[iectriim  is  darkened. 
The  oxyhaemoglobin  may  be  differentiated  from  other  coloring  matters 
liaring  a  similar  ubsorption-spectram  by  its  beharioT  towards  reducing  sab- 
stances.     (Seo  below.)* 

A  great  many  methods  have  been  proposed  for  the  preparation  of 

oiybii'moglobin  crystals,  but  in  their  chief  features  they  all  agree  with  the 
following  method  iw  suggested  by  Ho'pri--8EVi.F.R:  The  washed  blood- 
corpnscles  (best  Chose  from  the  dog  or  the  horse)  are  stlrred'with  t  vols, 
-water  und  t!ieu  shaken  with  ether.  After  decanting  the  ether  and  allowing 
the  etht!r  wliich  is  retained  by  the  blood  solution  to  evaporate  in  an  open 
disli  in  the  air,  coot  the  llltered  blood  solotion  to  0°  C,  add  while  stirring 
i  Tol.  of  alcohol  also  cooled,  and  allow  to  stand  a  few  days  at  —  5°  to 
—  10*  C.  The  crystals  which  sepamle  may  bo  repeatedly  recry stall ized  by 
dissolving  in  water  of  about  'Ab"  C,  cooling  and  adding  cooled  alcohol  as 
aibove.  Lastly,  they  are  washetl  with  cotiled  water  containing  alcohol 
W  Tol.  alcohol)  and  dried  iu  vacunm  at  O''  0.  or  a  lower  temperature. 
According  to  Gschkidi.kn's*  investigations,  oxyhwmoglobin  crystals  may 
be  obtained  from  diHlciiltly  crystal lizable  varieties  of  blood  by  allowing  tbe 
blood  llrst  to  putrefy  slightly  in  sealed  tobes.  After  shaking  with  air  by 
which  the  blood  is  again  arterializeil,  proceed  oh  abore. 

For  the  preparation  of  ozybaimoglobia  crystals  in  mull  qaantities  from 


'  PWger'sAfch..  Bd.  10. 

*  Hopp»^>-1i:r.Mc(l.-c1iem.  Uiitenucli..  S.  IBl  ;  OscLieidlt-R,  PflQger's  ArcK.Bd.  IS. 

*  Zellschr.  f.  Biologic,  Bd.  M,  conwins  thr  fnvesliiciitiniis  of  Qauoer  oq  Ihe  abwrp- 
ttoD  of  tbe  ullnLviolet  rays  \ty  tliv  bluuU  pIgiueDt.     It  also  oontalni  some  of  Ui«  earllae 
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blouil  tisaWj  crystallized,  it  is  often  snlVieietit  to  stir  a  drop  of  bloud  with  a 
little  water  ou  a  niicroacDpe  glide  and  allow  tlic  mixture  to  ev»porate  s<s  that 
llie  lirop  is  sarronaded  by  a  dried,  ring.  After  covering  wiLti  »  thin  glass, 
the  crydtalu  gradtuilly  appeur  radiuting  from  the  ring.  Thoi^e  crystals  ara 
foruie^l  in  a  anrer  manner  if  the  blood  ii  tlrat  mixed  with  some  water  in  a 
kest-tubo  and  shaken  with  etiier  and  a  drop  of  the  lower  deep-coloreil  liquid 
treated  va  above  on  the  slide. 

Homoglobin,  nUo  called  rrdl'cbi)  k.£mooix>kin'  or  purplk  ritroniN' 
(STOKt^'),  occurs  only  in  very  imaJl  qnautittes  in  arterial  blood,  in  larger 
laantities  iu  venous  blood,  and  is  nearly  the  only  blood -colonog  matter 
'after  asphyxiation. 

Uffitnoglobin  is  much  more  soluble  than  the  oxyh»moglobiQ,  and  it  can 
therefore  otdy  be  obtained  lu)  crystals  with  dilllciilty.  These  crystals  are  as 
a  rule  isoniorphout;  to  the  corresponding  oxyhwrnoglobin  crystals,  but  are 
darker,  having  a  shade  towards  blue  or  pnrple,  and  are  decidedly  more 
pleochroiiiatic.  Its  solutions'  in  water  are  darker  and  more  violet  or 
purplish  than  solutions  of  oxyhivraoglobin  of  thw  same  concentration.  They 
absorb  the  blae  and  the  riolet  rays  of  the  spectrum  in  a  less  marked  degree, 
but  strongly  absorb  the  rwys  lying  between  C  ami  D.  In  proper  dilutioa 
the  solution  sliowi;  a  speclrnni  with  one  broad,  not  sharply  defined  band 
between  D  and  E.  This  band  does  not  lie  in  the  middle  between  D  and  J?, 
but  is  towards  the  red  end  of  the  spectrum,  a  little  over  the  line  />.  A 
httmoglobiu  eolation  actively  absorbs  oxygen  from  the  air  and  is  converted 
into  an  oxyhemoglobin  solution. 

A  Bolntion  of  oiyliaenioglobin  may  be  easily  converted  into  a  solution 
having  the  Bpeelruni  of  hft!iiio,y:lohin  Iiy  means  of  u  vacuum,  by  passing  an 
indifferent  gas  through  it,  or  by  the  audition  of  a  reilucing  substance,  as, 
for  example,  an  amnioniacal  ferro-turtnite  solution  (Stukks*  reduciion- 
litj^iid).  If  an  oxybtenioglobin  solation  or  arterial  blood  is  kopt  in  a  sealed 
Ijba,  we  observe  a  gradual  consumption  of  oxygen  and  a  reduction  of  the 
'ktyhH>nioglobiti  into  htuiniiglubin.  If  tlie  HoUitinn  lius  a  pmper  conceiitra- 
UiWy  a  crystnllization  of  haemoglobin  umy  occur  in  the  tube  &c  lower  teni- 
.".Titures  "(IICpsbr*). 

pMadolueno^lobin.  Ltjnwio  nut]  SiKontiKn'  Imve  nb^t^tTcd  lUiit  h\i<-i  wlilch  liiu 
bfi-n  K.-vJiK^vil  Ijy  liy|K>Kiil|)liiU'9  au  coniiilett.-!^  tliul  tin-  ox\li>eiiii>t:lul>ii)  spiL-injiii  diMp- 
IHim  luiil  unlj  the  liu;  modioli  In  Riu'ctnitn  ia  wkti  yfuldn  liir;;o  anionuis  uf  i>xy>;cr)  wlitn 
•TZixi-ieil  tit  II  vacuum.  Blood  wliicli  hiui  tn-«ii  u-duct-d  br  tlie  piiOMigu  of  uNlruiin)  of 
*<vtlni|;'''<  lliT'iu^h  it  iiiiilt  tlic  uxylnt-moi^lultiti  tip4.-ciriim  iliwppL'flrn  iicta  fii  Dik  mime 
iiiniiucr.  Ilaace  A  I'^ow  coiiibiiitilidD  <.>(  1iH:iiii>Klu1*lii  »ticl  ox]'ki;u  K\\i!.\»  vrhlcli  givfa  tlitt 
liiE'iioglnbiu  6|Hietnuti,  auil  tliis  mmliiiiullciti  le  t-nllL-il  |i&i!iii1<)hiFiii()^tiil>iii  by  [,i;nwi(i 
ftOi!  SiKflPHtKiJ,  PftMiflohirraiiglohiii,  wlirMW  prt'«eiire  tin*  licpn  flciccteii  liiiu)jvhyxift<l<kn 
bl-nnt  ^roiti  ilog«.  is  cunsiJeto'l  by  Ibv  AUTHou  as  an  iotcroiciiUuto  8l(i{>  bctweia  bivnu)' 
glat>lo  bihI  oxyiimiHieilnbla  on  the  ri.*diEctloTi  i>f  tli^  Intlsr.  Ttie  uccurmiOG  of  pseudo* 
ncotoglobiii  ttvtiiiB  not  10  tiavi'  bot-a  posltlvirly  pntvcil.^ 

*  Plilluwpbical  Maguziue,  Vol.  23,  Nu,  IW.  Nuv.  1664. 
*ZvItM-hr   f  pLysiul  Ctiem.,  Bd.  4. 

*  Dii  Bota-Iicymood'a  Arcbiv.  IttW;  saaataa  Uo  NotI,  PUOger's  Aroblv.  Bd.  06. 

*  Uee  Uttfoer,  Du  Bois-Rcymuud'l  '<»M,  &  140. 
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Uethsmoglobin.  This  name  has  been  givon  to  a  coloring  matter  which 
is  eogily  obtained  from  oxjlitKinoglobm  as  a  traosformation  product  and 
whicb  has  been  correflpondingly  found  in  tranaudationa  and  cjBtic  fluids 
containiog  blood,  in  nrlue,  in  ha^mataria  or  hsomoglobinurla,  also  in  urina 
and  blocMl  on  poisoning  witb  potafisinm  chlorate,  amjl  nitrite  or  alkali 
nitrite,  and  many  other  bodiesj. 

Methft'moglobin  does  not  contain  any  oxjgeo  in  molecalar  or  dissociable 
com  hi  nation,  bnt  still  the  oiyj^en  seems  to  be  of  importance  in  the  fornia- 
tiou  of  methiemoglobin,  because  it  is  formed  from  oxyhfrmoglobin  in  the 
abgenco  of  oxygen  or  oxidizing  agents,  and  not  from  hiomoglobin.  If 
arterial  blood  be  sealed  np  in  a  tube,  it  gradually  couanmes  its  oxygen  and 
becomes  veuoits,  and  by  this  absorption  of  oxygen  a  little  meihe^moglobin 
U  formed.  The  same  occurs  on  the  addition  of  a  small  quantity  of  acid  to 
the  blood.  By  the  spontaneous  decomposition  of  blood  some  nielhajuio- 
globin  is  formed,  and  by  the  action  of  ozone,  potossiam  permangmmt^, 
potassium  ferricyanide,  chlorates,  nitrites,  nitrobenzol,  pyrogallol,  pyro- 
catechiri,  lU'otaiutid,  and  cortnin  other  boiliea  on  the  blood  an  abundant 
fonnatioTi  of  uietlueoioglobin  takos  place. 

According  to  the  investigations  of  HCfjjer,  KClz,  and  Orro  methcomo- 
globin  contahis  jnst  as  much  oxygen  as  oxylmMnoglobiii,  but  It  is  more 
strongly  combined.  According  to  IIalt>ane  metbuemogiobin  contains  two 
combined  oxygen  atoms,  while  in  oxyhemoglobin  an  oxygen  molecnie  is 

/^  ^0 

united.     Oxyha-mogjobin  Ubc    |  and  mothmmoglobin  Hb,.     .    J.\DEitH0L3C 

and  SAJVitDAcn  claim  that  a  jnethiemoglobin  solution  is  first  converted  into 
an  oxylia>nioglobin  and  tlien  iuto  a  hemoglobin  solution  by  reducing  sub- 
Btanrjee,  wliile  Hoppk-.Sevi.er  and  Araki'  chum  that  it  is  converted 
directly  into  a  haemoglobin  solution. 

Met  haemoglobin  cryatanizos  as  first  shon^n  by  HCpker  and  Otto  in 
browiiish-red  needles,  prisma,  or  eix-sidcd  plates.  It  dissolves  easily  in 
vater;  tlie  Kolution  has  a  brown  color  and  becomes  a  beantifal  red  on  the 
addition  of  alkali.  The  solatlon  of  the  pure  substance  is  not  precipitated 
by  1>asic  lead  acetate  alone,  but  by  basic  ieoA  acetate  and  ammonia.  The 
absorption-spectrum  of  a  watery  or  acidified  solution  of  metbffimoglobin  is, 
according  to  .Fadsbholu  and  Uektix-Saks,  Tery  similar  to  that  of 
hsmatin  in  acid  solution,  bnt  is  easily  distinguislied  from  the  latter  siuce, 
on  the  addition  of  a  little  alkali  and  a  reducing  substance,  the  former 
posses  over  to  the  spectrum  of  reduced  ha>moglobiQ,  while  a  hscmatin  solu- 
tion nnder  the  same  conditions  gives  the  spectrum  of  an  alkaline  hiemo* 

*  Olio.  ZeUscbr.  f,  pliyaiol,  CliBin.,  Bel.  7  ;  Halilaui-,  Juuru.  of  Pliyslol.,  Vol.  22; 
Ja<]t:rbolm.  Zeitsclir.  f.  BloloKle.  Bd.  !«;  eHsrUch.  FUdger-f  Arch..  Bd.  98;  Ankl. 
Zeilsclir.  f.  plirslol.  Cliein.,  Ud.  14. 
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chromogen  eolation  (see  below).     MeUimmoglobin  in  alkaline  solution  sbowi 

two  abKorptioD-bauds  wbJch  are  like  the  two  o]cyha>tiioglDbi]i    banJs,  but 

thej  diSer  from  tliese  in  tbat  the  band  fi  is  stronger  than  a.     By  the  aide 

of  the  band  a  and  iinit«d  with  it  by  a  shadov  lies  a  third,  faioter  band 

ibetween   C  atid  /',  near  to  D.     According  to  other  inircstigatorH,  Ahaki 

Uiid   UiTTBicu,  a  nentral  or  faintly  acid  methsmoglobin  solution  showa 

)nlj  one  cbaractenstic  band  a  between  0  and  Z>,  and  the  second  band 

[Wtween  />  and   JS  is  only  dne   to  contamination  with  oxyhientoglobin 

(Mknzies).' 

Crystallized  methsmoglobin  may  be  easily  obtained  by  treating  a  con- 
centrated aoliitou  of  oxyliKnioglobin  with  a  sufficient  quantity  of  ooncen- 
Itratod  jtotaesium  ferriycantde  solution  to  giro  the  niixtnre  a  porter-brown 
fcolor.     After  cooling  to  0°  C.  atld  i  tuI.  cooled  alcohol  and  allow  the 
mixture  to  stand  a  few  days  in  the  cold.     The  crystals  may  be  easily  ]>iirified 
by  recrystallizing  from  water  by  the  a«ldition  of  alcohol. 

raoTOMETiu,MoouHtis  19  the  name  given  by  Bock*  to  a  modification 
of  methitmoglobin,  jirodaced  under  the  infiaence  of  auuligbt,  which  gi\'es  a 
spectrnni  very  siniilar  to  haemog!obin. 

Carbon  Monoxide  Hsemoglobin  *  is  the  molecnlar  combination  between 
1  mol.  haemoglobin  and  1  iiiol.  CO,  according  to  Tli'FNER,*  which  contain! 
1.338  o.c.  carbon  monoxide  (at  0"  and  7G0  mm.  Ilg)  for  1  gm.  ha^moglohiD. 
jTliiB  combination  ia  stronger  tlian  the  oxygen  combination  of  hwmoglobin. 
The  oxygon  is  for  this  reason  easily  driren  o)T  by  carbon  monoxide,  and 
tbia  explains  the  poisonous  aotion  of  carbon  monoxide,  which  kills  by  the 
expulsion  of  the  oxygen  of  the  blood. 

Carbon  monoxide  ha>mogIobin  is  formed  by  sataraticg  blood  or  a  lixemo- 
globin  aolution  with  carbon  monoxide,  and  may  ha  obtuineil  aa  crystals  by 
the  snme  meaiia  as  nxyhmmoglobin.  Tlicso  crytttds  are  irtonuirjilinuH  to  tho 
'ozyh£&moglobin  crystals,  bnt  are  less  soluble  and  more  stublo^  and  their 
bluish-rod  color  is  more  marked.  For  the  detection  of  carbon-monoxide 
ha-iiiogIohii)  it9  abisorptioti  spectrnm  is  of  tlie  greatest  im^Htrtance.  This 
spectrum  shows  two  bjiiids  which  are  verj*  similar  to  those  of  oxyhirmo- 
globlu,  but  they  occnr  more  towards  the  violet  part  of  tlio  s]ieetrum.  Theee 
bands  do  not  change  noticeably  on  the  addition  of  reducing  EubstHnoeR; 
this  constitutes  an  important  diitereuce   between  carbon  monoxide  and 

"  Jbltrbulm,  1.  c;  Beriln-Suna.  Conip.  rend  ,  IM;  DItUlch,  Aivb.  f.  eip.  Path,  u, 
Iltarm.,  Dd.  29:  Mviiziai.  Jimrn.  of  rtiysiol.,  Vol.  17.  Im|iortaot  references  oo 
meiliseniMglobla  are  given  by  Otto.  I*llugBr's  Arcb.,  Bd.  81. 

<6kaud.  AretL  f.  Pliyslol.,  Bd.  6 

•  Id  reference  lo  carboa  raonoufde  hBcmoglobln  »cc  espedally  Hopp«-8eyIcr,  M«d. 
kliem,  Uolersucli.,  S.  'JOl  ;  C'enlrnlbl.  f.  d.  me<l.  Wlaseusch.,  1S64  and  18S5  ;  ZcElscbr. 
f  pbyslol.  Cheia.,  Ildd.  I  anrt  13. 

'  Du  B()is-Ri->riioiid's  Anblv,  Pbjrstol.  Abtb.,  1894.  Oa  ihe dissociation  cotisUial  of 
CftiboD  monoxide  biemngloblQ,  >ee  Qnti.,  1885. 
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oxyliEDTnof^IobiD.     If  the  blood  coDtains  oxThsmoglobin  and  carbon<mon* 
cxide  IiiFiiioglobiu  at  the  same  time,  we  obtuin  on  the  itddition  of  a  rcducingj 
substance  (Hmniotiiacal  f err o-tart rate  solutioTi)  a  mixed  spectrum  originatitig^ 
from  the  lismoglobin  and  carboii-moQoxiile  hnmoglobiii. 

A  grout  nmny  ruiictions  ]iave  been  euggestcd  for  tlie  detection  of 
-carbon-moiioxidu  liH'iiuiglobtn  in  ineriico-legnl  ca&es.  A  Fimple  and  at  the 
Bame  time  a  good  one  \i  Hni>i'e-SKTl.KR*a  soda  test.  The  blood  is  treated 
with  double  its  vohimo  of  caustic-Boda  solntion  of  1.3  ep.  gr.,  by  which 
ordinary  blood  n  conrerted  into  a  dingy  brownish  mass,  which  when 
«pread  out  on  porcelain  \&  brown  with  a  shade  of  green.  Carbon-monoxida 
blood  gives  under  ttie  same  conditions  a  red  mass,  which  if  spread  out  on 
porcelain  tliows  u  beautiful  rod  color.  Sovoral  mod iiicat ions  of  Ihid  teafej 
iavo  been  proposed. 

Ai  ftcciinlliig  (o  Bonn  iliere  nre  wvemi  nxy]i(Pinogtob!rm.  sn  nlwi.  rccortliii(r  lo  Bonn 
tuci  Bock,'  iIiltc  iini  si-Toml  carbon  iiiomtxido  l.itiiHigl(>l>iD«,  wilh  diffirtiit  niiniiiiilt  o( 
ctkTboii  itiouoxiile.  As  LiieuiQ^hiblt)  ciui  tjiii.e  wiilt  oxygen  untl  aiilxm  dioxide  ninml- 
lanvoiialy.  iw  sbuwii  hy  noiiu  iin*)  ToitlT,  wi  nlso  i-hii  it  uiilic  with  cArlxiii  iiiuuuxiil^  aud 
CuTlxiri  ifioxiilu  ftiiiitiltiiti«oiis1y  {iicli?peii(ienLly  of  fitcli  oilitT. 

C&rbon  monozids  mrthannoglobiii  Ilus  bvvir  |>r«[ifln:n  by  W^.ii.  nrnl  v.  Ankki*  by  Ibe 
«,clio»  i>f  [••ilii-o^iiiiii  pf IlnIlllplllut^■  on  cnrbon  moiHixttlc  li»-iiio^li>bin,  bul  lliUls  cou- 
InulicU-O  bv  Beiitin  t^AKii  unil  MuiTKxBieii.*  Balphar  methsinoglcHD  U  tbc  name 
gi^fn  by  IIitpe  Snri-Ett' lo  llkat,  rnlmiui;  matler  wliicb  is  futiii(iI1>y  ibe  nciioti  uf 
«ulp]iiircttfci  byjn)gi-ii  (ir  nxyba-'nioglubtu.  Tlit-  sulnlitm  h^\s  n  j'Ttwiiinh-ird.  dirty 
color  ami  sbowa  two  nlisdrpiioii-biinris  between  C  nmi  1),  TbU  coloring  mmicr  Is 
cliiitnvtl  to  be  I  be  preuT)i<-lt  color  wcii  on  lb*-  surfiicc  nl  f  nrrefyinp  flesb.  E.  Hahkack*- 
liA<  JiiT4^stl^tt4Nl  thi-  nrllrin  of  Mil[>liiir<-irc'(l  liyrimgi-n  niiil  acids  r>ii  tlic  bt<xKl't>^glii<:iiu| 
In  iln"KC  li)Vf»t!K(iiloii»  cectaiii  of  IIoite  Sevler's  BtntcincniB  ill  rcganl  Ui  suipbur 
melhtcntojrlobiiiiind  Ibe  nclioiiof  Lhe  above  gusei  on  ihe  blood -iilgineiita,  have  beeu  coo- 
firm  l-lI. 

Carbon-dioxide  Hsmoglobin,  CarhnhtBmoglohin.  Iliemoglobin,  accord- 
ing to  Hniiu  iiiul  Ti.)Kt'i%'  also  forms  a  molecular  combination  with  carboa 
dioxide  wliw^e  Hj»ectrum  is  giniilnr  to  that  of  hn^mogiobin.  According  to-. 
BoiiR  there  are  three  difTereiit  carbobaimoglobins,  namely,  ar>,  >3-,  and^f 
y-carboha'moRlobin,  in  which  1  gm.  combinea  with  respectively  1.5,  3,  and 
6  c.c.  CO,  (measured  at  0'  C.  and  7liO  mm.)  at  -f  1S°  C.  and  a'presstire  of 
60  mm.  mercury.  If  a  ha-moglobin  solution  is  ahaken  with  a  mixtnre  of 
oxygen  and  carbon  dioxide,  the  luemoglobin  combinea  ]oo§ely  with  tho 
oxygen  as  wtll  ae  carbon  dioxide,  independently  of  each  other,  jnst  as  if 
each  gae  oxisted  alone  (Jloiru).  He  Qonsiders  that  the  two  gases  are  com- 
Lined  with  ditlerent  parts  of  the  haemoglobin,  namely,  the  oxygen  with  the 
pigment  nucleus  and    the  carbou  dioxide  with  the  proteid  component. 

■  C«tiln>)bl.  r.  Physiol..  Bd.  8.  and  Mnly's  Jalimber.,  Rd.  2B. 

*  V.  Atin:}>,  Du  Buis-ReyaioiKra  Arcb.,  1880;  Shds  and  Mohessler.  Conipt.  reod., 
Tomelia. 

■  MiMl.-ch€ra.  Cotenoch.,  5.  151.    Sea  Arakt,  Zellachr.  f.  pliyriol.  Oliem..  Bd.  14. 

*  ZeitwUr.  f.  pbyeio].  Chfiii..  Bd.  20. 

*  Bohr.  Eximlt  dii  Bull  dc  lAcnd.  DuioIk.  1600.  Centnlbl.  f.  FliydoL.  Bd.  4 
Torup.  Maiy'aJahreaber.,  Bd.  17. 
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According  to  Toarf  tho  hfcmoglobin  mnst  therefore  be  partlj  decorapoiied 
hy  the  carbon  dioxide  setting  free  some  proteid. 

ITitricKixide  HiEmoglobin  ia  alao  a  crystalline  inolocniar  combination 
wluob  i^eren  stronger  tliun  the  carbon-monoxide  haemoglobin.  Its  solution 
)>howi  two  abaorption-bniidi  wLich  are  paler  and  less  slinrp  than  the  carbou- 
uionoxide  lia^inoglobiii  bunds,  and  they  do  not  ilii-upiiear  on  the  uddilioa  of 
redncing  bodies. 

lla'tu«<!;lt>1piii  »l6i)  fcrtnan  inoUfulEir  comliiniition  vtiih  aaetj^l^nf,  Ilydvt^j/itnie  neirt 
1«  ii)<ui  riaimi'd  tn  ff>rm  a  roiiibl nui ion  with  Im^mniglabln,  Mrtlupmoglnlilo  soititkms 
t>«i'i>iiit:  <■(  R  buttuliliil  tvt\  color  by  tlie  iictioii  uf  bydrucjniiic  hl-wI,  iiiiii,  nccurtliug'  la 
KtiKKiiT, '  eyanmethamofjlabin  iR  iirolmhly  foriiit^il.  1h  opi-cinicii  li  very  dmilar  lo  tliikt  of 
LiEuicjIoMii,  but  it  ia  \\u\  converted  into  (>xylianiiO(tIol»lii  on  «Uaklug  wliU  air. 

fJecftmpositian  products  of  the  hlood-colorivif  matters.  By  its  deoomposi- 
liou  hsmoglobin  yields,  as  nboro  stated,  a /jro/fiW,  which  haa  been  called 
ghhin  (I'keteh  and  SrnuLz),  and  n  ferruginous  pigmtnt  m  chief  products. 
The  globiii,  which  was  isolated  and  Btudied  by  Srirrtz'  diflera  from  most 
other  proteids  by  containing  a  high  amount  of  carbon,  54.97^,  with  onlj 
16.804^  nitrogen.  It  ii  insohible  in  water  but  very  easily  rotable  in  acidt 
or  alkalies.  It  is  not  disKolveil  by  amntonis  in  the  prmenc-e  nf  unimotiiiim 
chlorids.  Nitric  acid  precipitates  it  in  the  cold  bnt  not  when  warm.  It 
may  bo  coagulated  by  heat  bnt  the  coaf^nlum  is  readily  soluble  in  acidi. 
Because  of  these  reactions  it  is  considered  oh  a  histon  by  Schi'ije, 

The  pigment  split  off  is  different,  depending  npon  the  conditions  nnder 
hich  the  cleavage  takes  place. 

If  the  decomposition  takee  ploco  in  the  absence  of  oxygen,  a  ooloring^ 
matter  is  obtiuned  which  is  called  by  nofPE-SEYLEH  fuBtnockromo^eit,  by 
other  inveetigators  (Stokes)  reduced  hannattjt.  In  the  presence  of  oxygen, 
bffimochroroogen  'a  quickly  oxidized  to  htemutiu,  and  we  therefore  o)>tain 
in  thia  case  hwrnntin  as  a  colored  decomposition  product.  As  Im'incK 
chromogon  is  easily  converte^l  by  oxygen  into  hfematiri,  so  this  latter  may 
be  Teconrerted  into  ha?mochromogeu  by  reducing  substances. 

Hsemochromogen  was  discovered  by  Hofpk-Heivlgr,*  He  was  also  able 
to  obtain  this  coloring^  matter  as  crystals.  Hiemochromogen  is,  according 
to  IIoppe-Setler,  the  colored  atomic  gronp  of  haemoglobin  and  its  com- 
bination with  guseft,  and  this  atomic  group  is  combined  with  protcida  in  the 
pigment  The  characteristic  absorption  of  light  depends  on  the  h»mo- 
diroroogen,  and  it  is  also  this  atomic  group  which  binds  in  the  oxylia'uio- 
globia  1  mol.  oxygen  and  in  the  carbon-monoxide  hfenioglobin  I  niol. 
carbon  monoxide  with  1  atom  iron.  Hoppk-Skylkr  haa  observed  a  com- 
bination betwoeD  htcmochromogen  and  carbon  monoxide,  and  this  oombina-^ 
tion  showB  the  spectral  appearance  of  carbon  monoxide  hemoglobin. 

'  Ueber  CynDinclIin-iiioglobiii.  etc.     StuttgRft,  1981. 

•  ZeltKlir.  f.  physiol.  CliL-m.,  BJ.  at 

•  ZeiUclir.  f.  pliyilol.  Ctiem.,  Bd.  13. 
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Aq  alkaline  li^mochromogeii  solution  has.  a  beaatifal  red  color.  It 
shows  two  ahBoriition-lmiuls,  first  descrihed  hy  Stokes,  of  winch  the  one  ia 
darker  nnil  lies  between  />  »nd  £",  and  the  otlier,  hmader  but  not  bo  durk, 
covers  the  Hues  ^  and  b.  In  acid  aohition  b^mocbromogen  shows  four 
batidfl,  which,  according  to  Japriuiolm,'  depend  on  a  mixture  of  hwrno* 
cliruiniig(.'ii  and  hoinnataporpbyrin  (&ee  below),  this  last  formed  by  a  partial 
dei;<)iti|>osition  resciUing  from  the  action  of  the  acid. 

Ilaemochromof^n  may  be  obtained  as  crystals  by  the  action  of  caufltic 
soda  on  hft'ninglobin  at  100'^  C.  in  the  abaenco  of  oxygen  (HorrE-SEvi.HR). 
By  llie  decomposition  of  haemoglobin  by  aciils  {t^f  cniirse  in  the  abnence  of 
air)  wo  olitain  h:t''iiOf;iironingen  contiunitiated  willi  ii  little  hft'niiitoi»orphyrin. 
An  nlltiiliiie  ha-moctirotnogeri  sohition  ia  eai^ily  obtained  by  the  uclion  of  a 
reducing  substance  (Stukes'  redaction  liquhl)  oti  au  alkaline  liaimatin 
solution.  V.  Zi-:YNKK*lias  been  abUi  to  obtain  biomocbrouiDgen  inuKtiUd 
condition  by  reducing  lia^matiii  witb  liydraziii  hvdralo  io  a  faintly 
ntnmoiiiaca]  Bolntion  nnderspef^ial  precautions  and  preripitating  the  proiluct 
by  alcohol -ether.  The  otherwise  pure  and  unchanged  prodcicb  seems  to  be 
an  ammonia  combination  of  hicniochromogen,  which  is  formed  in  the  reduc* 
tion  of  the  hii^malin  into  h;<emochromog6Q  when  for  every  2  moltcuIeR  of 
hiematin  oidy  1  atom  of  oxygen  is  reiuo?ed  ncd  the  two  htemotiu  residues 
are  united  by  1  atom  of  oxygen. 

HEematln,  ako  cidJed  OxyhEematin,  \a  Hometimes  found  in  old  transnda- 
tioiix.  It  u  formed  by  the  action  of  gastric  or  pancreatic  juices  on 
oxyiia>moglobin,  and  m  therefore  uUo  found  in  the  fn!i;e«  after  hemorrhage 
in  tbe  intestinal  caiial,  uud  also  aftar  u  meat  diet  aiid  food  rich  ia  blood. 
It  is  stated  that  heematin  may  occnr  in  urine  after  poisoning  with  arsenin- 
retted  hydrogen.  As  shown  above,  the  htemittin  is  formed  by  the  decom- 
position of  oxyhmmoglobin,  or  at  least  of  hemoglobin,  in  tha  presence  of 
oxygon.  Cazknkl'VE  and  Bln^T!;.^t:'  have  analyzed  hit-mjitin  from  different 
kinds  of  blood  (ox,  borae,  sbeep)  and  have  found  that  bromatin  from  a 
certain  rariety  of  blood  has  the  same  composition,  whilo  that  from  a  differ* 
ent  variety  of  animals  has  a  different  composition. 

The  fitatementtt  in  regard  to  the  compoaHiou  of  hwmatia  are  rather 
contradictory  which  seems  to  depend  upon  tbe  fact  that  different  hwDiatins 
are  formed  under  various  conditions  (KP'STER,  K,  MiiRKEU).  Acconling 
to  Hcji'I'k-Skyi.hu  \l&  formnla  ia  C„n,jN,Ke()„  to  Nekcki  and  Sikbeu,  also 
BiAi-uuitziiisivi  it  is  C„Hj,N,FeO,,  and  according  to  HOfner  and  KDster, 
probably,  C^jU^jN'^FeO,.  The  hmmatin  analyzed  by  K.  M<iHN'K!{  which 
was  not  iilentioul  with  hiiematin  prepared  by  other  investigators,  bad  the 
iormnlu,  l'„U..iN\FeO,.  According  to  all  these  investigators  1  atom  of 
Iron  occurs  with  every  4  atoms  of  nitrogen.     Accorditig  to  Ci.oetta,  and 


'  Nonl.  med.  Arkiv.,  Bd.  JO. 

■  ZeltBL-hr.  r.  pliysiul.  Cbem..  Bd.  80. 

*  Compl.  Kad.,  Tome  138. 
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also  ItosFNFEi.i),'  lisematin  has  the  formula,  C,,l{,,X,FeO,,  and  1  atom  of 
iron  for  ererjr  3  atoma  of  nitrogen. 

On  CArcriiMy  oxidizing  lueiiirilin  (in  ^Inrlnl  ocelic  aclil)  wllli  poUiufutn  bicliromate, 
Kt^sTKii  uiilmlniiil,  bcsl<)e>  n  fi-rrii^iudue  but  not  cliMelj-sIudiud  biniy.  two  nciiU  with  ibe 
formiilw,  C(H|>Oi  nnd  ('(IIiaO«.  Tlic  flnti  is  couslUercd  na  \t\\iiu,ic  h0auttinif  aeid  tml 
lb«  secoml  Liilnuiic  twinutiuio  acid. 

lifematia  is  uniorplionB,  dark  brown  or  bluish  black.  It  may  be  heated 
to  IJtO"  (.'.  witbont  deoomfvosition;  on  burning  it  leaves  a  residno  noiisiating 
of  iron  oxide.  It  is  insolnblo  in  water,  dilate  acids,  alcohol,  other,  and 
chloroform,  but  it  dissolve!!  Blighty  in  warm  glacial  acetic  acid.  Ilsmatin 
disBolTes  in  acidified  alcohol  or  ethsr.  It.  easily  dissolves  in  idkalies,  oven 
when  very  dilote.  Tbe  alkaline  golutiona  are  dicbroitic;  in  tliick  layers 
they  appear  red  by  transmitted  light,  and  in  thin  layers  fi^reeniah.  The 
alkaline  solntions  are  precipitated  by  lime-  and  baryta-wutnr,  as  also  by 
loliitiona  of  nentnU  salts  of  the  alkaline  earths.  Tbe  acid  fiolntiona  are 
always  broirn. 

An  acid  hipinatin  solution  absorlis  the  rod  part  of  the  spectrum  leas  and 
the  violet  part  more.  The  solution  shows  a  rather  sharply  detuned  band 
between  6^  and  ff  whose  position  may  change  with  the  variety  o(  acid  used 
a<)  a  solvent.  Between  />  and  F  a  second,  nuicU  broader,  leaa  simrjily 
defined  band  occnra  which  by  proper  dilution  of  the  liquid  is  converU>d  ir'o 
two  bands.  The  one  between  b  and  /',  lying  near  /',  is  darker  and  hroiuler, 
the  other,  between  I>  iind  K,  lying  near  S,  is  lighter  ond  narrower.  Also 
by  proper  dilation  a  fourth  very  (iiinl  baud  is  observed  between  D  and  E 
lylniT  near  D.  Iliematin  may  thus  in  acid  solution  show  four  ahsor|)tion 
bauds;  oidiuarily  ouo  sees  diiitiiictty  only  tho  baods  between  (-'and  D  and 
the  broad,  dark  bund — or  the  two  bunds — between  /^  and  F.  In  alkaline 
tolnttnri  the  hiematin  shows  a  broad  ab8or]>tion-baad,  which  lies  in  greatest 
part  between  C  and  D,  bnt  reaches  a  little  over  the  line  I)  towards  the 
right  in  tho  space  between  f>  and  S. 

Haemin,  U.kmix  CKysT.ii..s,  or  Teic«mann's  Crystai^.  lliemin  ia  the 
hydrochloric  acid  eater  of  hfematia  and  is  tho  starting-point  iu  the  prepara- 
tion of  the  latter. 

AinH.uUng  to  Nescki  imd  Siebkr  Uk-  Iiwinln  rryilalii  arc  a  double  combinAlion  wjih 
llie  Milvpiil.  ninyl  alroliol  or  acetlo  &cl(l,  wttich  »  usoil  in  llii-ii'  preiiiimlinn  :  wliilo 
UorPR-SsvLKR  rlairns  tbnt  tbe  solvent  la  atiiy  held  meclmnicAlly  by  lLl-  crysmls.  Tbe 
(•<rii)iil-v  of  ibv  bufitiiii  crystals  prepnrod  bv  nu'iiuB  of  niuyl  alcohol  la.  nc»:ordi[ig  tn 
KsTit.'Ki  u'mI  SiKRRR,  (<'iiHiiCIN«FeO>)i.C'ilIiiU.  U»n]silji  esters  witb  otiier  nHda  are 
Bl^i  kiiiiwii  (Sen  Ktl't'TKit  I.e.). 

'  Happo^Scyler,  Jled.  clicm.  CDlerBiich.,  S.  525.  Neuckl  and  Sieber,  Arab.  f.  nxp. 
PftlU.  u.  Plmmi  .  Brbl,  18  «iiil  20,  mid  B«r.  d.  deulsrh.  cliem.  Genellsch..  Bd.  H,  Blal- 
obriM'xki,  Artrb.  dita  evk-uv.  blul.  du  St.  Putendmurg.  Tome  5  ,  KQslvr,  Bcilril;^i;  7.ur 
Keuiiini'iit  del  llnsmmlrui.  TQbiageo.  1SQ1.  and  Bcr.  d.  di.-iit«cb.  cticiu.  Goellscb..  Udd. 
£7uud30;  K.  Mflnier,  Nurd.  mrd.  Arkiv.  Pralbiind.,  W97.  Nu.  1  and  80  ;  CloCtta, 
Aicb.  r.  ttzih  Palb.  a.  Pbsrm.,  Bd.  38  ;  lloa<.Brd(!,  ibid.,  Bd.  40. 
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Tlamin  crjataU  fomi  in  lurge  mnescs  a  bUiisli-block  ])Owder,  bnt  are  bo 
Binail  that  they  can  only  be  seen  by  the  microscope.  They  consist  of  iliirk- 
browQ  or  nearly  hrowiiish-bhick  lung,  rhombic,  or  gjjDoI-like  crystali, 
isolated,  or  grouped  a^  croBseR,  rosettes,  or  starry  forms.  Cnbical  crystals 
may  also  occor  according  to  Cloeita.  They  are  itisoIaWe  in  water,  dilate 
acids  at  the  normal  tempenitiire,  alcohol,  ether,  acid  chlorotorm.  They  are 
slightly  soluble  in  glacial  acetic  acid  with  warmth.  They  dissoWe  in 
acidified  alcohol,  as  also  in  dilute  cnusclc  or  caibonated  alkidtes;  and  in  the 
last  case  they  form,  hesixlc^  alkali  chlorides^  soluble  heematin  alkali,  from 
which  the  hiematin  may  be  precipitated  by  an  acid. 

The  principle  of  the  preparation  of  ha^niin  crystals  in  largB  qnantitioa 
as  follows:  The  washed  sediment  from  the  blood-corpascles  is  coagnla 
with  alcohol  or  by  boiling  aft«r  dilution  with  water  and  the  careful  addition 
of  acid.  The  etronftly  pres&e^l  but  not  dry  mass  is  rubbed  with  iK>-U5)( 
alcohol,  which  has  previously  been  treated  with  oxalic  acid  or  k~X%  con- 
centrated ADljtharic  acid,  und  allow  this  to  stand  several  hours  at  the 
temperature  of  the  room.  The  liltrate  is  wanned  to  about  70°  C,  treated 
with  hydrochloric  acid  (for  each  liter  of  filtrate  add  10  o.c,  35^  hydro- 
chloric acid  diluted  with  alcohol,  Murkeb),  and  allow  it  to  stand  in  the 
cold.  The  crystals  which  separate  in  one  or  two  days  are  first  washed  with 
alcohol  and  theu  with  water.  >'or  particulars  og  to  the  variona  methods  we 
refer  the  reader  to  the  cited  worka  of  Nkncki  and  Sikber,  Clobtti, 
KCsTKR,  MiiKSEH,  and  Roai;xi-ELii. 

Ilseniatiu  X'H  obtained  on  dlseoWing  the  hEemtu  crystals  in  very  dilute 
cauHtio  alkali  and  precipitating  with  an  acid. 

In  premiriug  ha'niin  crj-stats  iu  small  quantities  proceed  in  the  following 
manner:  The  bIoo<l  is  dried  after  the  addition  of  a  small  quantity  of 
common  salt,  or  the  dried  blood  may  be  rubbed  with  a  trace  of  common 
salt.  The  dry  powder  is  placed  on  a  microscope-slide,  moistened  with 
glacial  acetic  acid,  and  then  covered  with  the  cover-glass.  Add,  by  means 
of  a  glasd  rod,  more  glacial  acetic  acid  by  applying  the  drop  at  the  edge  of 
the  cover-gluM,  until  the  space  between  the  sltdo  and  the  cover-glass  is  full. 
Kow  wann  over  a  very  small  flame,  with  the  precaution  that  the  acetic  acid 
doca  not  boil  and  pass  with  the  powder  from  under  the  cover-glass.  If  no 
crystals  appear  after  the  first  warming  and  cooling,  warm  again,  and  if 
necessary  add  some  more  acetic  acid.  After  cooling,  if  the  experimnt  has 
been  properly  performed,  a  number  of  dark-brown  or  nearly  black  hs-min 
crystals  of  varying  forms  will  be  seen. 

lljematin  is  dissolved  by  concentrated  sulphuric  acid  in  the  presence  of 
air,  forming  a  pnrplo-red  liquid.  The  iron  is  here  split  off  and  the  new 
pigment,  called  hmtiahporphyrin  hy  IIot'i*K-SKYi,KR,  is  iron-fre«.  The 
hsematin  yields  with  concentrated  sulpluiric  Dcid,  in  tlie  alweuce  of  air, 
a  second  iron-free  coloring  matter  called  hmmataUn  (Uoppe-Seyi.rr). 
Haimatoporpliyrin  may  also  be  prepared  by  the  action  of  glacial  acetic  acid 
BatnrateU  with  hydrobromic  acid  i>u  ha'uiiu  crystals  (Nencki  and  Kikukk*). 


'  Buppc-Sejrier,  lled.-cliein.  Uatenucb.,  8.  S3S  ;  Neuckl  ud  Sieber,  HDnatsliefle  (. 
Cbem..  Bd.  9. 
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Rnmatoporphyrin,  <^'„nj,XjO,.  Tina  pigment,  aciwrJing  to  Mag 
McNS,'  occnrs  m  a  phygiolojrical  pigment  in  certain  animals.  It  occnrs, 
as  flhowm  by  Uauuuu  uud  S.villet,  03  a  normal  constitneut,  althongU  only 
fts  traces,  of  liiinina  urino.  It  occurs  in  greater  qnaotities  in  hnnian  iirine 
especially  after  the  use  of  sulphonal  (sco  Chapter  XV). 

Thiii  coloring  matter  is,  uccurding  to  ^'bscki  aud  Sibder,  an  isomer  of 
the  bile-pigment  bilirubin,  ant)  its  foraialiou  from  hwuiatm  can  be  ezpresaed 
hy  the  following  et^naiiou: 

C„H„N.O.Fe  +  2H.0  -  Fe  =  2C..n..N,0.. 

A  pigment  cloeelr  allied  to  the  urinary  pigment  nrobilin  has  been  obtained 
by  the  action  of  redncing  sabstances  on  heemotoporphyrin  (ItorPS-ScYLKB, 
Xexcki  and  Sieuer,  ha  Xoitix,  Mac  Minn).  On  the  admiuistration  of 
Iwmotoporphynn  to  rabbits,  XKyi'Ki  and  KoTsciiY  *  obserTod  that  a  part 
vu  reditccil  to  a  substance  similar  to  urobilin. 

On  heating  bsematoporphyrin  it  decomposes  and  evolves  an  odor  of 
pyrrol.  It  dissolves  with  a  red  color  in  warm,  fuming  nitric  ncid,  and  tlie 
lolation  becomes  then  green,  lluo,  and  yellow.  The  hydrochloric  acid 
combination  crystallizes  in  long  brownish-red  needles.  If  the  solntion  in 
hydrochloric  acid  is  nearly  neutralized  and  tlien  treated  with  t^odium  acetate, 
the  pigment  sepiiratett  out  as  amorjihons,  brown  flakes  not  rea/lily  soluble  in 
iiniyl  alcohol,  ether,  and  cbloroforai,  bat  readily  soluble  in  ethyl  al{>ohol^ 
alkalies,  and  dilnte  mineral  acids.  The  combination  with  sodinm  crystal* 
liws  as  small  tnfts  of  brown  crystals.  The  at-iil  alcoholic  solutions  have  a 
beautifnl  purple  color,  which  becomes  violet-blue  on  the  adiHtion  of  large 
fjoantities  of  acid.  The  alkaline  solation  has  a  beantifol  red  oolorj 
especially  when  not  too  much  alkali  is  present.  IIa>niatop<:irphyriD  prepared 
by  various  nielliods  may  dilTor  somewhat  iu  solubility  and  in  color  of  eola- 
tion, but  their  cbarai-rteristiii  absorption-spectra  are  eMentially  the  same. 

Ad  alcoholic  solntiou  of  hxmatoporphyrin,  acidulated  with  hydrochloric 
or  snlphuric  acid,  shows  two  absorption -bands,  of  which  one  is  fainter  and 
narrower  and  lies  between  C  and  />,  near  D.  The  other  is  much  darker, 
sharper  aud  broader,  and  lies  in  the  middle  between  D  and  K  An  absorp- 
lion  extends  from  these  bands  towards  the  red,  terminating  with  a  dark 
edge,  which  may  be  (considered  as  a  third  band  between  the  other  two. 

A  dilute  alkaline  solntion  shows  four  bands,  namely,  a  band  between  0 
and  D;  a  second,  broader,  snrroanding  D  and  with  its  broadest  part 
between  D  and  E;  a  third,  betwoea  D  and  E  nearly  at  A';  and  lastly  a 
fonrth,  broad  and  dark  band  between  b  and  E.     On  the  addition  of  an 

'  Joorn.  of  Physiol..  Vol.  7. 

•  Hoppo-Hwylcr,  1.  c,  S.  SSS ;  L«  Nobel,  PllOBcr's  Arch.,  B<\.  40;  Mnr  Miiiin.  Proc. 
Roj-,  6oc..  Vol.  80,  lad  Joum.  of  Pbyslol.,  Vol.  Ill;  Ncncki  aud  ItoUcl)/,  Mouuubefte 
1.  Cbem..R<l.  10. 
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alkaline  zinc-chloride  eolation  the  spectram  chacgea  more  or  less  rapidlj,' 
and  tinnltj  a  epoctrum  \a  obtuiiied  with  only  ivo  bunds,  of  -vrhich  one  snr- 
roauds  D  and  the  other  lies  hel-ween  li  and  E.  If  an  acid  liii'matoporphjrrin 
ftolntion  is  shaken  with  chlorofoi-m,  a  paxt  of  the  pigment  is  taken  up  bj 
the  chloroform,  aud  this  solation  often  showa  a  iivc-boniied  spectrnm  with 
two  bands  betwoeo  C  iiud  i>. 

Hsmatoidin,  thns  called  by  A'ibchow,  is  a  pigment  which  crystallizes 
in  orange-colored  rtjonibic  plates,  and  which  occurs  iu  old  blood  extrarasAr 
tious,  aud  whose  origin  from  tiie  Uood-coloriug  matters  seems  to  be  estab- 
lished  (LANGHAKfi,  Cordua,  Quincke,  and  others').  A  solution  of 
heematoidin  sliows  no  absorption-bands,  but  only  a  strong  absorption  of  tbe 
violet  to  tlie  green  (Kwald').  According  to  most  obaervers,  hafmatoidin 
is  jdenticid  with  tbe  bile-pigment  bilirahiu.  It  i«  not  identical  with  the 
cryslallizable  lutein  from  the  corpora  luteu  of  the  oraries  of  the  cow  (Picco- 
Ly  and  Lieben,*  KCuse  aud  Ewalk), 

In  the  detection  of  tbe  above- described  blood -coloring  matters  the 
spectroscope  is  the  only  entirely  trustworthy  means  of  investigation.  If  it 
is  only  necessary  to  detect  blood  in  general  and  not  to  determine  definitely 
whetlier  the  coloring  matter  is  ha^Dioglohin,  ntethiemoglobin,  or  bsmatin, 
then  the  preparation  of  hsemin  crystals  is  an  absolute  positive  proof.  The 
reader  is  referred  to  more  extended  text>books  for  exaicter  methods  for  the 
detection  of  blood  in  cliemico-Iegal  oases,  and  it  is  jnerhaps  suflicient  to  give 
here  the  chief  points  of  tbe  inrestigation. 

If  8]totB  ou  clothes,  iinen,  wood,  etc,  are  to  be  test<'d  for  the  piesenoe 
of  blood,  it  is  best,   when  possible,  to  scratch   or  slmre  off  us  much  as 

Sossible,  rob  with  common  salt,  and  from  this  prej)are  the  hremin  crystals. 
'n  obtaining  poHilive  reitiiltH  the  presence  of  blood  is  not  to  be  doubted. 
If  yoa  do  not  obtain  suflicieut  iiiaterinl  by  tbe  above  means,  then  soak  the 
(root  with  n  few  drops  of  water  in  a  watch-crystal.  If  a  colored  solution  is 
thns  obtained,  then  remove  the  fibres,  wood-shavings,  and  the  like  as  far  as 
possible,  and  allow  the  solation  to  dry  in  the  watch-glass.  Tbe  dried 
residue  may  bo  partly  used  for  the  spectroscope  test  directly,  and  ]>art  may 
be  employed  in  tbe  preparation  of  the  hn;min  crystals.  It  also  serves  to 
detect  hsvinocijromogcn  iu  alkaline  solution  after  previous  treatment  with 
alkali  and  the  addition  of  reducing  snbstances. 

If  a  colorless  solution  is  obtained  after  soaking  with  water,  or  tbe  spoti 
are  on  rusty  iron,  then  digest  with  a  little  dilute  alkali  (5  p.  ni.).  In  (he 
presence  of  blood  tlio  solution  gives,  nfter  nentnilization  with  hydrochloric 
acid  and  drying,  a  residne  which  may  give  the  ha^mi^  crystals  with  glacial 
acetic  acid.     Another  part  of  the  alkaline  solution  shows,  after  the  addition 


'  See  nawniiLreteD,  Skaud.  Arcli.  f.  PLiyHtuI..  Bd.  8.  nod  Qarrod.  Jouru.  of  Pliytio]. 
Vol.  la. 

*  A  coaiprcbetisiTe  review  of  tbe  tilerature  perlalidug  to  bteuutotdlo  xao.y  be  fouad 
la  Stadtflmiinii:  Der  Ictents,  etc.     8iutlgart,  1B91.    PiigcB  8  ami  45. 

>  Zuitac-lir.  r.  Biologic.  Bd.  33.  S.  4T\ 

*Clt.  from  Oorup-Deiaacz:  Lclirbuch  d.  phjrslol.  Chem.,  4.  Aufl.,  1878. 
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of  Stoker'  reduction  liquid,  tho  ftbaorpUon-banda  of  ]ia>mocbromogen  in 
alkaline  solution. 

The  metlimld  [irojiooed  for  tho  ({imiititatire  eatimation  of  the  blood* 
coloriug  nialtOK  are  ivartlr  chemical  and  partly  physical. 

Amnti);  Ibc  clirmical  mcLhcxla  to  tie  mentJoncd  U  Ihe  ashing  of  (lie  lilood  nod  Die 
deter mltiMtW)  of  the  xinnnni  ot  Iron  cootAlned  ibi-Tclo.  from  which  tlie  amount  of 
li«mugluliiu  may  bu  calciiUieil.  J01.1.EH '  iuu  lucvully  ■iigG:«:tct]  a  clinical  tnctiiud  bued 
I'D  thr  fnrfncnitlu'i  «>(  the  bloixi  niiil  dt- termini ti£  ilie  iron  In  the  nsh. 

The  physical  methods  consist  either  in  a  colorimetric  or  a  spectroscopic 
iuToatigtition. 

The  priticipleof  IIoppp.-Skvlku's  eolorimetric  method  19  that  a  meaanrod 
qoantity  of  blood  is  diluted  with  an  exactly  measured  quantity  of  water 
until  the  dilated  blood  solution  has  the  same  color  as  a  pure  oxyhsemoglobin 
eolutioD  of  a  known  etreogtb.  The  amount  of  coloring  matter  present  in 
the  undiluted  blood,  may  be  easily  calculated  from  the  degree  of  dilution. 
In  the  coloriniotric  testing  wo  use  a  gla^  v«Kse1  with  parallel  sides  contaiu- 
iug  a  layer  of  liquid  1  cm.  thick  (Hoi>pK-.St:vLF.]i's  ha>mattnomoter). 
Tlie  use  of  Hoi'pe-seyi.kr's  cotortmetric  ilonble  pipette  is  more  advan- 
tftgeoua.  Other  good  appEirnUis  have  been  constrncted  by  <ii,\rf(ft.v  and 
Zanckumeistkh.'  Instciwl  of  an  oxyha'moglobin  solution  we  now  gen- 
erally lime  a  carbon  mocioxtdo  hwmoglobin  solution  as  comparison  liqnid 
becuutie  it  may  be  kept  for  a  long  time. 

The  blood  solution  in  this  caee  is  aaturated  with  ourbon  monoxide. 
This  method  soems  to  be  good. 

The  qnantitAtive  estimation  of  the  blood -coloring  matters  by  ineaiu  of 
the  spectroscope  may  be  done  in  different  ways,  but  tit  the  present  time  the 
spcftropho/omriric  inetliocl  is  cliiefly  used,  and  this  seems  to  be  the  most 
reliable.  This  method  is  based  on  the  fact  that  tho  extinction  coetTlcient 
of  a  colored  llijuid  for  a  certain  region  of  the  si^ctrnra  is  directly  propor- 
tional to  tlie  concentration,  so  that  C :  R  —  C,  :  A', ,  when  C  and  C,  repro- 
sent  the  diller»^  concentrations  and  H  and  E,  the  corresponding  coetficionts 

of  extinction.     From  the  equation  7^  ~  tt;  it  follows  that  for  one  and  the 

same  pigment  this  relation,  which  U  called  the  absorption  ratio^  mtiBt  he 
constant.  If  tlie  absorption  ratio  is  represented  bv  ^t^  the  determined 
extinction  coefficient  by  A',  and  the  concentration  (t^e  amount  of  coloring 
matter  in  grams  in  1  e.r.)  by  C,  then  C  =  A  .  E. 

lUUerenc  apparatna  have  been  constructed  (Vieiiordt  and  ncpNKit') 
for  the  detcrntttiutiun  of  the  eitinction  coefTicieut  which  is  equal  to  the 
negiilive  Ioi;arilhm  of  those  rays  of  light  which  remain  after  the  passage  of 
the  light  through  a  layer  1  cm.  tliick  of  an  absorbitig  liquid.  Jn  regard  to 
these  apparatus  the  reader  is  referred  to  other  toxt-books. 

'  Pflnger'i  Arch..  B<I  65.  and  MoD»t«hefU!  f.  Chem..  Bd.  17. 

»  P.  TloppeSeyler,  Zuhscbr.  f.  pliyslo!  Cliriii..  IJtl,  1ft  ;  G.  >loppe-8«yl«r,  ibid..  Bd. 
91 ;  Wiiitcniitz.  ihH.;  Olacoio,  Maly*!!  Jfthresber,  Btl.  SO :  Ziuigeumvister,  Zirltarlir.  f. 
Biologic,  B<1.  33. 

'  Bee  Vivrordt,  Die  Anwemlting  das  Spi-kLralappamtefl  zu  Pholameltle.  eic.  <TQliln. 
SCO,  1873).  aod  nCkfofr,  Du  llolN-Reyraond'*  Arch.,  1BQ4.  and  Zeiischr.  t.  pbyalol.  C'livin., 
Bd.  8  ;  V.  NoorUu).  Md..  Bd.  1 ;  Otto,  PllUgcr'a  Arcb.,  JJdd  3t  and  3Q. 
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As  coaiTOl  the  exilnction  cocfficEvcti  nre  d«termiDed  In  two  different  r«gloo«  of  Ibt 
spectrum.  HrvKEii  Ims  selecleil  (>t\  tlic  region  heliroMi  (lie  two  rtbsorptlon  batidsoF 
uxyli(i:iiti>gloliiu,  capectally  betwMu  tbe  w&Tc-leugtLs  5^  /»  aiid  OOo  ii.  aud  <^)  llie 
rcfiou  belwcin  tlic  iwo  bnnils.  t-BpecinJIy  llie  liiU-rvnl  between  llie  wiivden^lis  B31.5  ft 
mid  MS.&  ft.  The  ci'iDSIautB  or  ibc  a)»orpiiou  r&llo  for  IIichc  two  rcgioBS  of  tlie  spec- 
trum nrr  deslsnulcd  by  Uifxeu  by  ^i  and  A',  Before  IheileUTminulum  ibe  blood  niiui 
be  dihiled  with  vraier,  aiicl  If  the  propon]ou  of  <Uliilioii  of  the  blood  b«  r<.'prcsKDtt.'d  by 
V.  Ilicn  the  coQoeolratioD  or  Ibu  animiol  uf  coloriog  maUer  in  100  jmrla  of  the  uudiluted 
blood  Ib 

O^im.V.A.  R  ODtl 

c  =  loo .  V.  A',  e: 

Tbe  nlMnrptlon  raUo  or  the  cunelsots  In  tlie  two  above-inenllonpd  regions  of  the 
■pfctrum  bavc  becii  detcrmiDcd  for  oxyhiemoiglobUi,  lisemogloblii,  carbon  monoxide,  u 
faltovs : 

Oxybiomoglobln ^o  =  0-002070  and  jl'.  =  O.O01312 

IU-nioglob!n Ar  =  0.001354  and  A'r  =  O.O0I778 

Cnrboii.iuoii oxide  bnitioglubin  A,  =  0.0OIS88  and  A',  =  O.O0IM3 

The  quantity  of  each  coloring  niattct  may  be  (k-lcTininc-d  in  a  lulxluto  of  tvo  l)lood- 
colorliig  niRlt<;r*  by  ibia  molbod,  wbf>c!h  ia  of  spvcini  iriip<>rtan<-e  in  the  dcl«ru)iualjOD  of 
tbe  <|iiHuUty  of  oAvLismoglobin  and  bii-itiogl<il>lii  preoeiit  lu  blood  at  the  Mime  itme.  If 
wc  repreainit  by  /.'kiiU  h'  the  cixiiUL-tiuu  cocffli'kntH  uf  Ibc  niixliire  in  the  al>OTC-incD> 
lloned  regions  O'f  the gpcclniin,  I)y/I,>  and, 4'o  nud  .-1,  and  A'r  iheconBlaiits  foroxyhwnio- 
glohhi  and  rcihired  hitnioglubin.  aud  by  }'  ihu  degree  of  dilution  *if  the  blood,  theu  tbe 
perccaloge  of  oxybsmogtoblu  Jfe  find  of  (reduced)  bicniogloblD  i/,  is 


and 


j„  =  ioo.r. 


iTp  =  100 .  r. 


A<.A'„fB^Ar-  E'A'r) 


A  A'r{fC'A'o-BA„) 

A'aAr  —  AoA'r- 


Among  the  many  appanitoB  constructed  for  eliuical  pnrposes  for  the 
qnnntttatiTe  ostimation  of  ha-moglobin  Fj-klscul's  hfsmotne/ery  wliich  has 
undergone  luiiuoroiiB  modificationa,  aiul  ItKNOcgi'E's  ftxmaloscopc  are  to  b« 
Bi>ecia11j  nientiotied.  In  regard  to  these apparut.  see  v.  .T.\Ksrii,  Klinische 
DiagDOStik  innerer  Kranklieiteu,  4.  Atillage  18  and  Jaaiiuet,  Corresp. 
Blatt.  f.  Schweiz.  Aerzte,  1897. 

Mnny  oiber  pigments  nre  fonnd  bcaldrs  [be  oflon-occiirrlng  btemo^obtn  In  the  blood 
of  Lti vcrtelirntps.  tti  u  few  ainrlmida!,  ctualricfa,  gasleropodie.  and  cuplmlopodn'  a  body 
analogous  to  liirmoglubin  Lonlatning  copper.  AKKnw^'ffiin.  baa  been  found  by  FltEDERlCQ. 
By  Ibc  lukiug  up  of  louacly  bontid  OAygtn  lbi«  body  is  cooTeited  totu  blue  oTyhirma- 
egiinin,  and  by  the  cacjine  of  the  oxygen  becomes  colorless  again.  A  coloring  matter 
call«l  fhhrctruffrin  by  Lawkester  is  found  in  certain  rhirtopoda;.  Ihmfrythtir,,  to 
called  by  KKiKUMtEmi  but  liiwt  ibaervfid  by  HcnwALBE,  Isa  rtd  coloring  matter  from 
cerintn  Kephyre'i.  i!estde9  liii-mocynntn  we  find  In  ibp  blood  of  certain  cntnlscva 
the  red  coloring  matit'r  tefroinrythrin  (nAi.UBt.'BH>K).  which  la  also  widely  spread  In 
the  animal  kingdom.  Kehinoehrem,  to  named  by  >lAr  Mijkr,'  Is  a  brown  colorlag 
matter  occurring  In  the  jtcrlvigicTnl  fluid  of  a  varieiy  of  ccldnodvrms. 

The  tfuantittttim  conxtihttion  of  the  red  hlooii-corjntfirlts.  The  anionot 
ol  water  varies  in  different  varietiea  of  blood  between  5?0-fi44  p,  m.,  with 
•  oorreaponding  aiiioiitit,  4;i0-^.it'.  p.  m,,  of  erlids.     The  chief  mass,  abont 

'  Fredericq.  Exlniil  den  CiiUelins  rie  rAcml.  Tloy.  di^  Helgiiiiie  (2),  'lomtf  46.  IWi ; 
lAnkeJter,  Journ.  of  Annt.  and  Physiol..  \ii&i.  p.  1  U,  and  1HT0,  |>.  119;  Krukenberr, 
■ce  Vergl.  Pliyslol.  Sludien,  Uetlie  I.  Abtb.  3.  Heidelberg.  1880  ;  Hnilihiinon.  Journal 
of  Physiol ,  Vol  8;  Uac  Uuno.  Quart.  Journ.  Micn>»c.  iiteleucs,  Itl&ll. 
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r,   of  the  dried  enbstaDM  consists  of  haemoglobin  (iQ  hnnun  and 
mammal  blood). 

According  to  the  annlysea  of  Uoppe-Setlrr  *  and  his  popils^  the  red 
corpascles  coataiu  in  1000  parts  of  the  dried  snbstance: 

llB>mo|;l<;liia.  rrot«ld.  Lncllbla.  CfaolMlarfn. 

Humiui  blood 8tW-l)43  1212-51  7 »-«.»           2.5 

Dojj'i         "    »63  126                 5.0              S.8 

<!uose':i       "     627  301                  4.6                4.9 

Siiaktt'B      "    46T  M5 

AuDBRHALnEK  found  the  following  comitositton  for  the  bloml-corpasclai 
from  the  domestic  atiimaU  inrestigated  by  hini:  Water.,  591.^-ti-44.3 
p.  ni. ;  Bolids,  408.1-855.7  p.  m. ;  hromoglobin,  ^03.3-331.9  p.  m.j  proteid, 
5.33  (dog)-76.5  p.  m.  (ebee|i);  choIeBteriUf  0.38S  (horso)-3.593  p.  m. 
(aheep);  and  lecithin,  2.296  <dog)-4.855  p.  m. 

Of  wpecial  interest  is  the  riirving  proportion  of  the  hjemoglobin  to  the 
proteid  iu  tlie  nucleated  and  in  tlie  noii-niicleatetl  hi ooil -corpuscles.  Thes* 
lafit  are  ninoh  richer  in  hemoglobin  and  poorer  in  proteid  than  the  others. 

The  amount  of  mineral  bodies  in  Tarioiis  rarieties  of  animals  is  different. 
According  to  Bvn<;e  and  Abiikhuai.dkn  the  red  corpuscles  from  the  pig, 
horse,  and  ribbit  contain  qo  sotia,  wliile  those  from  man,  the  ox,  sheej),  goat, 
dog,  and  cat  are  relatively  rlcli  in  soda.  In  the  five  lout-mentioned  varieties 
the  amotmt  of  eoda  was  !2.135-3.85t>  p.  m.  The  quantitj  of  potash  waa 
0.26?(dog)-0.744  p.  m.  (sheep).  In  thn  horse,  pig,  and  rabbit  the  qnantitj 
of  jiolJifih  was  3.3311  (horBe)-5.32i^  p.  m.  (rabbit).  Human  blond-corptieclea 
contain,  according  to  Wanach,'  about  Uvu  timasus  much  potash  as  soda, 
OD  an  average  S.VO  p.  m.  putash  and  0.75  p.  m.  soda.  Lime  is  claimed  to 
im  al>sent  in  the  blood  •corpuscles,  and  magnesia  occurs  only  In  small 
anionnte,  0,016  (sheep)-0.150  p:  m,  (pig).  The  blood -corpuscloa  of  all 
animals  investigated  contain  chlorine,  0.4G0-1.915  p.  m.  (both  lu  hoiBe), 
generally  1  to  2  p,  m.,  and  also  phosphoric  acid.  The  attiount  of  inorganic 
phosphoric  acid  shows  great  rariation,  0.275  (ah«ep)~l.!Ur)  p.  m.  (horse). 
All  above  figures  are  calculated  on  the  fresh,  moist  blood-corpuaclee. 

The  White  Blood-corpuscles  and  the  Blood*plat«s. 

The  White  Blood-corpuscles,.  iUso  called  Lbucocytes  or  Lymphoid 
Cells,  tvhicli  occnr  in  the  blood  in  varying  forms  and  sizes,  form  in  a  state 
of  rest  spherical  lumps  of  a  atieky,  highly  refractivo  power,  cajMible  of 
niotioD,  non^membranoDs  protoplasm,  which  show  1-4  nnclei  on  the  addi- 
tion of  water  or  acetic  acid,  in  human  and  maramaliau  blood  they  are 
larger  than  the  red  blood -corpuscles.     They  have  also  a  lower  sjiecific 


>  Meil.-cbfjm.  Uulersiieli..  8.  800  nacl  393. 

*  Ittirigc,  Zeitscbr.  f.  Blolof^e,  Hd.  13.  nud  Abdorbnldeo,  Zeittcbr.  f.  pliyslcd.  Cbem., 
Bdd.  «S  nnd  20  :  Wsnncli.  Male's  .liilin^'bcr.,  Bd.  18,  S.  88. 
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gravity  than  the  reil  corfmscles,  moTe  in  the  circulating  blood  nearer  to  the 
walls  of  the  ressel,  and  hare  also  a  slower  motion. 

The  nnmber  ot  white  blood-corpuBclcB  raries  not  onlj  in  the  different 
blood-vessels,  bot  also  under  differont  physiological  conditions.  Aa  on 
average  we  have  only  1  white  corpuscle  for  .150-500  red  corpnsclee. 
According  to  the  iuTeatigntious  of  Ali^x.  Si'UMIdt'  and  his  pupila,  the 
leucocytes  are  destroyed  in  greiit  part  on  the  discharge  of  the  blood  before 
and  during  coftgcilation,  so  timt  discharged  blood  is  mnch  poorer  in  louco- 
cytea  than  the  circulating  blood.  The  correctness  of  this  st^ment  has 
been  denied  by  other  iiiveBtigatorB. 

Fnjiii  a  hiAtnlogic^l  standpoint  we  generally  diRcriminnte  between  the 
different  kinds  of  colorless  blood-corpuscles;  chemically  considered,  bow- 
ever,  there  is  no  known  essential  dillerence  between  them.  With  regard  to 
their  importance  in  the  coagnlation  of  fibrin  Alex.  Scusiiirr  and  liis  pupils 
distingaish  between  the  leacocytea  which  are  destroyed  by  the  coagulation 
and  those  which  are  not.  The  last  meDtloned  give  with  alkalies  or 
common-sttlt  solutions  a  slimy  nmss;  the  first  do  not  show  each  behavior. 

Tbo  protoplaem  of  the  leucocytes  has  during  life  ama^boid  movementa 
which  partly  make  possible  the  wandering  of  the  cells  and  partly  the  taking 
Tip  of  KrauUer  grains  or  foreign  bodies  within  the  same.  Oti  these  groanda 
the  oocnrrerice  of  myimu  in  Ihem  liaa  been  adniitted  even  without  any 
special  proof  thereof.  Alex.  Schmidt  cluiins  to  have  found  serglohulin  in 
eqnine-blood  leucocytes  which  had  been  washed  with  ice-cold  water.  There 
are  also  certain  leucocytes,  as  above  stated,  which  yield  a  slimy  mass  when 
treated  with  alkalies  or  XaCI  Bolutions^  which  eecm  to  bo  identical  with  the 
so-called  hijnline  fuh.'^ttincc  of  lIovuiA  found  in  the  pas-cells.  On  digesting 
the  leucocytes  with  water  a  solution  of  a  protein  body  is  obtained  which  can 
be  proclpitated  by  acetic  acid  and  forms  the  chief  mass  of  the  leucocytes. 
This  Etibstance,  which  is  undoubtedly  related  to  coagnlation,  has  been 
described  under  different  names  (see  Chapter  V),  and  consists,  chiefly  at 
least,  uf  uarleobi^ton. 

Glycogen,  a«  above  stated  (Chapter  V),  is  found  in  tho  leucocytes.  The 
glycogeu  found  by  Hltpekt,  Czeuny,  Dastiik,'  and  others  in  blood  and 
lymph  probably  originated  from  tho  leucocytes.  The  coiistitnents  of  the 
leucocytes  aro  the  same  as  the  oonstltnents  of  the  cell  as  deecribod  in 
Chapter  V. 

The  Mood'plates  (Bizzozebo's),  biematoblosts  (Hatem),  whose  nature 
and  physiological  importance  have  been  much  ijueationed,  are  pale,  color- 
lees,  gummy  disks,  round  or  more  oval  in  shape  and  generally  with  a. 


'  PHagBT's  ArrhiT,  Bd.  11. 

•Hiippcrt,  Cetitralbl.  f.  Pliyalol..  Bd.  S.  8.  394;  Cwmy,  Arcli.tf.  ejip.  Paib.  n. 
pbnrin.,  Bd.  81 ;  Dastre,  CompL  rend.,  Tome  130  and  Arcti  de  PliyrJa).  (S),  Tome  7. 
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diameter  tiro  or  three  times  smaller  than  tlie  red  blood-corpnKtee.  The 
'blood-plates  separate  ino  two  anbstances  by  tlie  action  o!  ditTeretit  reagents, 
oamely,  one  which  is  homogeneons  and  non- refractive,  wliile  the  other  is 
highly  refractive  and  granular.  Blood-plates  readily  stick  together  and 
attach  themseUes  to  foreign  bodies. 

Accon-ling  to  the  important  researches  of  Kobbel  and  Lflibxpeld  the 
blood-plates  consist  of  a  chemical  combination  hetween  protetd  and  noclein, 
and  hence  they  are  also  called  mtcUin-pJaUs  by  Liliesfei.u.  It  seerae 
certain  that  the  blood-platea  stand  in  a  certain  relationship  to  the  coogula* 
tion  of  blood,  and  according  to  Liliekfelu  the  fibrin  coagulation  ie  indeed 
a  function  of  the  cell  nnclons.  The  importance  of  these  formations  to 
blood  coagnlatioa  will  be  referred  to  later. 


Iir.  The  Blood  as  a  MIxtnre  of  riasma  and  Blood- 

eurpuHclrs. 


I  The  blood  in  itself  is  a  thick,  sticky,  lighter  or  darker  red  opnqae  liqnid 

f  having  a  suhy  taste  artd  a  faint  odor  dilTcring  in  difTerent  kindn  of  animals. 
On  the  addition  of  flnlphnric  acid  to  the  blood  the  odor  U  more  prononoced. 
In  adolt  hatnan  beings  the  Hpecitlc  gravity  ranges  between  1.045  and  1.07S. 
It  liiu)  an  uverajje  of  1.CI58  for  grown  men  and  n  little  less  for  women. 
According  to  ScnERHESZiss  '  the  fiotal  Wood  hiis  a  lower  specific  gravity 
than  the  blood  of  grown  persons.  Lloyd  Jones  fonnd  that  the  specific 
gravity  is  highest  at  birth  and  lowest  in  children  when  about  two  years  old 
and  in  j)regii!int  women.  The  determinatimiH  of  l-i/jvi>  Jones,  IIamukk- 
ScnLAO,'  and  others  show  that  the  variation  of  the  specific  gniTity, 
jdejwndent  npon  age  and  sex,  corresponds  to  the  variation  in  the  qnantity  of 
'haemoglobin. 

The  determination  of  the  specific  gravity  is  most -accurately  done  by 
^Oie&ns  of  the  pyknometer.  For  clinical  purposes  where  only  small  nmonnte 
Tftre  available  it  U  l»vsL  to  proceed  witli  the  method  aa  snggested  by 
HAUUERScnLAH.'  Prepare  a  mixture  of  chloroform  and  benzol  of  about 
^1.050  8p.  gr.  and  a<ld  a  drop  of  the  blood  to  this  mixture.  If  the  drop 
to  the  surface  then  add  benzol,  and  if  it  sinks  add  chloroform.  Con- 
tinue thi^  until  the  drop  of  blood  suspends  itself  midway  and  then  determine 
the  specific  gravity  of  the  mixture  by  means  of  an  areometer.     This  method 

'  In  rvgoni  to  I  he  Itternturv  of  tbc  tilofKl-plalcB,  mv  LUietifeld,  Du  Bols- Reytnotid's 
.Vrrlilr.  1693.  and  '  I.«iik<K^tcn  uml  nhitg«HoQuag."  Verbtndl.  <l.  pliyalol.  Qeselltcb. 
£11  BerllD,  I8d3 ;  &ii<t  »l»u  Momii.  Du  Bois  ItcyiiioDd'a  Arch..  18B3. 

'Lloyd  Jones,  Journ.  of  PbyiiaL,  Vol.  8;  n&mmenclilag.  WIeu.  kilo.  Wucheu- 
Klirifl.  1SM>.  Kiiil  Zuilficlir.  f.  klia.  umd.,  Bd.  30. 
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is  not  strictly  accurate  and  must  be  performed  quickly.     In  regard  to  the 
uecesaary  details  we  refer  to  Zlnt/.' 

The  reaction  uf  tLe  blood  is  alkaline.  The  qoautity  of  alkali^  calcnlateil 
as  Nu^GO,,  in  freah,  noii'defibniiated  blood  from  the  dog,  liorse,  and  man 
is,  according  to  Loewy,  X.'XA,  -l.-i:!,  and  o.lto  p.  m.  req)ootiToiy.  According 
to  STUAt'Sri,  the  average  for  normul  hnman  blood  may  bo  calcalatotl  as 
abotit  4.43  p.  m.  Na,CO,.  3elov  3.3  p.  m.  and  abore  5.3  p.  m.  are, 
according  to  him,  to  be  considered  us  putbological.  V.  Jakscu  fonnd  the 
quantity  of  alkali  in  ninu  to  vury  between  3.38  iiiul  3.1)0  p.  m.  The 
alkaline  reaction  diminiBhes  outside  of  the  body,  and  indeed  the  more 
^{uickly  the  greater  the  original  alkalinity  of  the  blood.  This  depends  on 
tlie  formation  cjf  atsid  in  tlie  lilood,  in  wbicli  tlie  red  blood-uorpuaclea  seem 
to  take  jiurt  h\  some  ivav  or  atiotiier.  After  exre&sivc  maecular  activity  the 
alkalinity  is  diniiniabed  on  account  of  the  fonnation  of  acid  in  the  muscles 
(?i:ii'EH,  Cohnstein),  and  it  id  also  decroasod  after  the  continnous  use  of 
acids  (LA»fvAit,  Kreudbbro  *).  Wo  hare  niimcrons  investigations  in  regard 
to  the  alkalinity  of  the  btood  in  disease,  bat  as  we  have  at  present  no  trust- 
tporthy  method  for  estimating  tho  alkalinity  of  the  blood,  those  inrestiga- 
tions,  OS  also  the  etatenients  in  regard  to  the  pbysiologioal  alkalinity,  reqnire 
fnrther  suhsUntiatiou.'  .Spiro  and  PcMSEi.'have  saggested  a  nietlii>d  of 
determining  the  native  alkalinity  of  tbe  blood  which  consists  in  treating  the 
blood  with  ether-water  (water  saturated  with  ether),  next  precipitating  all 
the  protein  substances  by  neutral  uinnioninm  sulphate,  and  then  titrating 

the  filtrate  with  ~  acid,  asing  the  indicator  (lacnioid  and  malachite  green) 

in  the  manner  snggested  by  FQrster. 

Tbe  alkali  of  the  blood  exists  in  part  as  alkaline  salts,  carbonate  anil 
phosphate,  and  part  in  combination  with  proteid  or  hiemoglobin.  The  first 
arc  often  spoken  of  aa  readily  diffrisible  alkalies,  while  tbe  others  are  not,  or 
are  only  diffusible  witli  difliciilty  (see  page  135).  The  readily  as  welt  as 
the  difficultly  diffnsiblo  alkali  is  divided  between  the  blood -corposclos  and 
plasma,  and  the  blood-corpuscles  seem  to  be  richer  in  diHicaUlj  diCToBibl* 
alkali  than   the  plasma  or  serum.     This  division  may  be  changed  by  the 

'  PflQjjfr"fl  Arch..  Bit.  W. 

'  Ix»ewy,  Ptiager'3  Ardi  .  Bit.  TiS.  wblcli  bIm  contnins  tlie  rcfermw*  t«  llic  lilermture; 
H.  SlmuM,  Zelisclir.  (,  klin.  Med..  Ud,  BO  ;  v.  Jnkitch.  ibid..  Bil.  18;  Pvijicr.  Virclmw's 
Arcb..  Dd.  lie,  Cohnsldii,  ihttl.  Bt!.  VM.  wliirit  n\tn  cllei  Ihc  works  of  Mlukowski, 
ZiinU,  mil]  ti»[)|icrt ,  Frviidbcrf;,  ibid.,  Bd.  Vi^. 

*  In  re^nl  lo  lUc  inclliods  fur  tltc  cRlIranlion  of  tlie  nikalintly  sec,  besido  the  above- 
men  limu-d  milliore,  V.  Jakkch,  Kliri.  l>mg[ic)Stik;  v.  Limbrck,  VVj«ii.  meJ.  BUtter,  Bd. 
18;  Wri^rhl.  Tim  Lnncet,  1897;  Bivrnucki.  Beitr«j;e  zur  Pnt-umalologie,  «c.,  Zeltacfar. 
r.  kilo.  >U-«]..  U<UI.  .HI  nnd  33  ;  Hnaibiirger.  Eiuc  Meibode  zitr  TreiiuuDg.  etc..  Du  Bots- 
HcymoDd's  Arch..  1893. 

•ZcUscbr.  f.  ulivslol.  Cbem,  Bd.  2«v 


tDfluonco  of  even  rery  small  anioanto  of  acid,  also  carlion  dioxiile,  and  also, 

.as  eliotru   by   Zl'NTZ,    Loewy   arid    7.vsf£,    [lAUBt'KoeH,   Liuhi^ck  and 

>GCititKit,'  bjr  Llie  influence  of  the  reapiratory  exchange  of  gaa.     The  blood- 

'corpiisulos  give  up  a  part  of  the  alkali  united  with  proteid  to  the  serom  by 

'  ttie  ai;t!oi)  of  carbon  dioxide,  hcuce  the  senini  beconioit  more  alkidinc.     The 

{equilibrium  of  the  osmotic  teneion  in  the  blood^corpaacles  and  iu  the  aerum 

jis  hereby  destroyed;  the  blood -corpuscles  awell  up  because  they  take  up 

water  from  the  aeruin  and  this  then  becomes  niore  concentrated  and  riL-her 

in  alkali,  proteid,  and  sugar.     Under  the  intlDeiice  of  oxygen  che  corpuHcIos 

take  their  original  form  kgain  and  the  abore  chaagca  are  restored.     The 

filood-corpuBcles  for  this  rctieou  are  less  hicoucare  with  u  smitU  diutneter  iu 

Tenons  than  in  arterial  blood  (lIiMnt'Runic). 

The  Tolnme  of  the  blood -co  rpnaclos  chauf^  also  ^ich  the  composition 
tff  the  meiliiim  gnrrouiidiug  them.  The  volume  remains  unchanged  only 
in  those  indifferent  ftolutions  irhich  have  the  same  osmotic  t«usion,  sucli  as 
the  plasma  or  aerum.  Snch  solutions  are  called  ixotonic-.  In  less  conoen- 
tntetl  solutions,  so-called  /ii/pteoionic  solutions,  the  blood -coq>n3cle3  swell 
up,  inking  up  water  at  the  same  time,  until  tlie  osmotic  e(]uilibrium  has 
been  established  again  and  the  volume  becomes  greater.  In  solution  of 
greater  concentration,  hyperisolonic  solutions,  they  give  up  water  and  their 
rolanie  becomes  smaller.  A  NaCl  solution  of  about  !•  p.  m.  Recuis  to  be 
iaatonic  with  nioat  of  the  varieties  of  blood  investigated,  luimely,  human, 
ox,  and  horse  blood,  but  evan  in  snch  solutions  an  exchange  mny  take  plaee 
between  the  coustitueiits  of  the  blood-corpuscles  and  the  solution  (IIkdin  *). 
HAHBruuEK*  has  shown  by  continued  investigations  ou  the  action  of  salt 
•olutiona  on  the  rolnmo  of  animal  cells  that  not  only  aro  the  rod  corpnsclos 
fihmnk  up  by  i\  hyperisotouic  solution,  and  swell  uj)  by  u  hypisotonic  solution, 
I  but  fttso  the  irliite  corpuscles  and  irog  8|>ermato7.oa.  The  extent  of  this  swell- 
ing and  shrinkage  is  much  smaller  than  if  the  cell  was  a  liomogeneous  mass, 
which  leads  to  the  assumption  that  the  cell  must  consist  of  two  sabstances 
which  are  difToront  in  their  property  of  attracting  water.  He  has  also  tried 
to  determine  the  percentage  relationship  between  the  two  cell  conatituente 
{stroma  and  intercellnlar  flaid]  by  the  qtiantitatlve  estimation  of  the 
swelliug  aud  shrinking  of  the  cells  under  the  influence  of  NuCl  solutions  of 


■  Zunts  ill  ncrmann'<i  Hnndbuch  der  Physiol.,  Bd.  4,  Ablb.  2:  Loewy  nnd  Zinilx, 
VflDgiTH  Anb..  Bd.  M:  Knmbiirger,  Uu  UolH-Keyinoiid's  Arcb.,  lf^B4  mid  IWiA.  nnd 
ZcUscbr.  f.  Biologic,  Bdd.  28  snd  85;  t.  Llinlwck.  Arcli.  f.  cxp.  PiuU.  u.  Pbarm.,  Bd. 
SS:  Gbrlwr,  SilzuiiKslier.  d.  pliys.  mcd.  (IcmiIIhcIi,  zu  Wllrzbui']^.  1805. 

■  la  regard  to  llic  BUiIy  ut  laoiontsni  see  IlMmlmrgrr.  ciicd  above  and  Vlrchow's 
Areh-,  \U\A.  140  wid  141  ;  llwllii,  Sknnd.  Arch.  f.  Phynlol..  lid.  5.  and  PUOgBr'a  Arch., 
B<1.  60  ;  Eyktuan.  Ond..  Udd.  &U  u.  08;  Koejipe.  itnd.,  IM.  85,  Bud  Du  fiuii-Kejrniuiid'l 
&rcb,.  1895. 

■  Arcli.  r.  Aanl.  u.  PliysiU..  Pltyaiul.  Abili..  1S88.  S.  317. 
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differeot  concentration  or  of  serum  with  Jifferent  liihitioiis.  lie  lounil  tbe 
Tolnme  of  stroma  for  the  reii  ai;  well  afi  the  v^hite  corpuscles  of  the  horse 
vaa  53-56.1^.  The  Tohime  of  stroma  for  tbe  red  corpuscles  iu  rabbits  wai 
48.7-5ls(,  in  hens  5a.4-57.7i<,  and  in  frogs  7.i-T0.4)t. 

The  qnostion  as  to  the  permeahility  of  the  lilood-cDrpnscles  stands  in 
close  connection  to  the  above,  Id  other  words,  its  Admissibility  for  different 
bodiea.  We  have  the  inTestigationfl  of  Uauuuroek,  GkCss,  Kvkhan, 
and  especially  TTedin*  '  on  tbie  subject.  TIeiun's  investigations  have  shown 
that  under  certain  conditions  certain  bodies,  ench  as  sugare  and  niaunite, 
when  added  to  dedbrtnateil  blood  do  not  penetrate  into  the  blood- 
corpuscles.  Others,  such  &a  the  neatral  Halts  of  the  free  alkalies,  remain 
cliietly  in  the  plasma  ami  only  enter  slightly  into  the  blood-oorpusclea. 
Ajeain  others,  anch  as  ammojiiam  chloride  and  bromide,  antipyrin,  mon- 
atoniic  alcohols,  divide  themselves  nearly  equally  between  the  corpuscles  and 
the  plasma,  while  others  again,  sach  aa  ethyl  ether,  are  taken  up  to  u  much 
greater  extent  by  the  corpnscles  than  by  an  equal  volame  of  plasma. 

'J'lie  color  of  tlie  blood  is  red — light  scarlet-refl  in  tbe  arteries  and 
dark  bluish  red  in  the  veins.  Blood  free  from  oxygen  is  dichroitic,  dark 
red  by  reflected  light,  and  green  by  transmitted  light.  The  hlood-coloring 
matters  occnr  in  tliu  bloo(i-corpnsclea.  For  this  reason  blood  is  opaqne  in 
thill  layers  and  act»i  nn  n.  "  deck-farbe. "  IT  tlie  hii^nioglohtn  is  removed 
from  the  stroma  aod  dii^solved  by  the  bloo<I-ltr|iiid  by  any  of  the  above- 
mentlotied  means  (see  page  137).  tlie  blood  becomes  transparent  and  acts 
then  like  a  "  lake  color.*^  Less  light  is  now  retlected  from  its  interior,  and 
this  Inky  blood  i^  therefore  darkor  in  thicker  layers.  On  the  addition  of 
salt  fioliitions  to  the  hlood-corpneclcs  th^y  shrink  and  more  light  is  reflected 
and  the  color  appears  lighter.  A  great  abundance  of  rod  corpnscles  makee 
the  blood  darker,  while  by  dilnting  with  senin]  or  by  a  greater  abundancti 
of  white  corpuscles  the  blood  becomes  lighter  iu  appearance.  The  different 
colors  of  orterin]  and  of  venous  blood  depend  on  the  var^'ing  qnantitv  of 
gas  contained  in  these  two  varieties  of  blood  or,  better,  on  the  different 
amounts  of  oxyhnminglobin  and  haemoglobin  they  contain. 

The  most  striking  property  of  blood  consists  in  its  coagulating  within  a 
shorter  or  longer  time,  but  as  a  rale  very  shortly  after  leaving  the  rein. 
Different  kinds  of  blood  coagnlate  with  varying  rapidity;  in  human  blood 
the  first  marked  sign  of  coagulation  is  seen  in  2-3  minntes,  and  within 
7-8  minutes  the  blood  is  thoroughly  converted  into  a  gelatinons  mass. 
If  the  blood  is  alIowt;d  to  coagulate  slowly,  the  red  corjiuticles  have  time  to 
settle  more  or  less  before  the  coagulation,  and  the  blood-clot  (hen  shows  an 
□pper,  yellowish-gray  or  reddish-gray  layer  consisting  of  6brin  enclosing 


I 
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■  HetliD.  Paogcr's  Arcb.,  Bd.  68,  which  coQtalas  tbe  works  of  tbe  older  iaTCMigaioK 
and  Bd.  70. 
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chiefly  oolorleas  oorpnscIeA.  Thiis  layer  has  been  called  crusta  infiammatoria 
at  phlogiatica,  bMUtn  it  Imd  boon  capecially  obserTsd  in  intlamniatory 
piooe«0e«t  and  is  coasidcTed  ouo  of  the  clmracteriBtica  of  tliem.  Tliis 
crusta  or  *'  buffy  coat  **  is  not  cliancieriittic  ot  uiiy  fi|wcial  disease,  and  it 
oooors  chiefly  when  the  blood  coaj^olates  slovriy  or  wlien  the  blood -corpuscles 
nttle  more  qaickly  than  naaal.  A  buffy  coat  ia  often  observed  in  the  bIot- 
coagnlating  equine  blood.  The  blood  from  the  cspillariea  ia  uot  supposed 
havo  the  jiower  of  coagnlating. 

CoagnlatioQ  ia  retarded  by  cooling,  by  dimiuisbiug  the  oxygen  and 
increasing  the  amount  of  carlxHi  dioxide,  wliiuli  in  the  reason  that  venons 
blood  and  to  a  much  liigher  degree  blood  after  asphyxiation  coagulates  moro 
slowly  than  arterial  blood.  The  coagulation  may  be  retarde<l  or  prevented 
by  the  addition  of  acids,  alkahe^,  or  ammonia,  even  in  anmll  itiiantities;  by 
concentrated  solutions  of  neutral  alkali  salts  and  ulkaEirie  earths,  alkali 
oxalates  and  llaorides;  also  by  egg-albumin,  solutions  of  «ug&r  or  gum, 
glycerin,  or  moch  water;  also  by  receiving  the  blood  in  oil.  Coagalatiou 
may  bo  prevented  l>y  the  injection  of  an  alhumose  soliitioa  or  by  on  infusion 
of  the  leech  into  the  circulating  blood,  bat  tEiis  infusion  also  acts  in  the 
same  way  on  blood  just  drawn.  Coagnlation  is  also  hindered  by  snake-poison 
toxalbumins  {see  pages  I'ii  and  Kitk).  The  coagulation  may  t>e  faclli- 
Iteil  by  mining  the  lemiieratnre;  by  contact  with  foreign  bodies,  to  which 
the  blood  adheres;  by  stirring  or  beating  it;  by  admission  of  air;  by  dilnt- 
iug  with  very  small  amounts  of  water;  by  tho  addition  of  platintim-black  or 
flnely  powdered  carbon;  by  tho  addition  of  laky  blood,  which  does  uot  act 
by  the  presence  of  dissolved  blood-coloring  matters,  but  by  the  stromata  of 
the  blood-corpnscles,  anil  rIho  by  the  addition  of  the  leucocytes  from  the 
lymphatic  glands,  or  a  watery  aaliiie  extract  of  the  lymphatic  glands, 
testicles,  or  thymus.  The  active  constituent  of  snob  a  watery  extract  is  the 
nncleoproteiil  called  tiBsue  fibrinogen  or  Hudtokiaton. 

An  important  c^uestion  to  answer  is  why  the  bloml  remains  tUiitl  hi  the 
oironlation,  while  it  qaickly  coagnlates  when  it  learos  the  circulation. 

The  reason  why  bloutl  coagulates  on  leaving  the  body  is  therefore  to  be 
ionght  for  in  the  intlncnce  which  the  walls  of  the  living  uud  entire  blood- 
reasela  exert  npon  it.  These  views  are  derived  from  the  observations  of 
many  inrestigators.  From  the  o}>servatious  of  IIrwsok,  Li^tek,  and 
Fredericq  it  is  known  that  when  \\  vein  full  of  biood  ia  ligatured  at  the 
two  ends  and  removed  from  the  body,  tho  blood  may  remain  fluid  for  a  long 
time.     BbCcite'  allowed  the  heart  removed  from  a  tortoise  to  beat  at  0"  0., 


■  Ilewwa's  works,  edited  by  Oullivvr,  Loodon,  lS7fl.  Cilol  from  Oanige^  Text* 
bcwk  iif  PhysloL  Cbem..  Vol.  1.  1S80.  LIslcr,  cficd  from  G«mgec,  ftirf.,-  Fredericq. 
'*  Itcchcrrbcs  sur  la  constHutioa  du  plnsnui  fiaoguiti,"  Oaod,  ItnS  ;  Brncki-,  Virekow's 
Arcb..  Bd.  \%, 


169 


THE  BLOOD. 


and  foand  that  the  blood  i-einaitieil  uiicuiiguluted  for  somo  duys.  Tlie  MooA 
from  another  heart  quickly  coagulated  when  collected  over  niercurv.  In  a 
dead  hejirt,  as  also  m  a  dciul  blood-resgel,  the  blood  soon  cou^ulatea,  8ii4 
aUo  when  the  walls  of  the  vessel  are  changeil  by  pathological  processe*. 

What  then  ia  the  uitlaeiice  whh'h  tlie  wnlls  of  the  vessels  exert  on  tU»; 
liquidity  of  the  circulating  blood?  I-'REt'M>  has  found  that  the  blooi 
remaine  Ihiid  when  collected  by  means  of  a  greased  cannla  under  oil  or  in  m 
Titesel  smeared  with  Ta«eliDo.  If  the  blood  collected  in  a  greased  veesel  b» 
beaten  with  a  glass  rod  preTionely  oiled,  it  doe«  not  coagulate,  hoc  it 
quickly  cotigiilatea  oti  heating  it  with  an  nnoited  glass  rod  or  vhen  it  ic 
poured  \uUi  a  vessel  not  groused.  Tlie  non-coagulability  of  blood  collected 
tinder  oil  has  been  confirmed  later  by  IIaycraft  and  Caruer.  FiiKUNn- 
found  on  fnrther  investigating  that  the  evaporation  of  the  upper  layers  of 
hlooii  or  their  contamination  with  small  quantities  of  dust  causes  a  coagula- 
tion even  in  a  vessel  treated  with  rnsolino.  According  to  Frp.L'KD,'  it  is  thii; 
Bdhesion  between  the  blood  or  between  its  fonu-elements  and  a  foreignf 
anhstance — anti  the  diaensed  walls  of  the  veoeel  also  act  as  such- — that  gtvei 
the  iuipalse  towurda  coagulation,  while  tliu  lack  of  ailhesion  prorentii  thQ> 
blood  from  coognlating.  This  adheaion  of  the  form-elements  of  the  blood^ 
to  certain  foreign  eiibstancos  seems  to  induce  changes  which  apparently 
stami  ill  a  ecrtuin  relationship  to  the  coagulation  of  the  blood. 

The  views  in  regard  to  these  changes  are  very  contradictory.  According 
to  Alex.  SuiiMiirr' and  the  IJoui'.rr  school,  an  abundant  destruction  of 
the  leucocytes  takes  place  in  coagulation,  and  important  constituents  for  tlit 
■coagnlation  of  the  fibrin  pass  into  the  plasma.  According  to  other  ex]ieri-J 
mentera  the  essential  it>  not  a  destruction  of  the  leacocytes,  but  an  eltmina- 
tiou  of  constittieutK  from  the  cells  into  the  plaiiuia.  This  process  is  called 
'plaifjnoschisis  by  Ijii^'iT.'  The  cinestion  whether  the  cell-body  (Giesiiacu)i 
or  the  nucleus  (Lilienfklh ')  takes  part  in  this  process  remains  for  the 
present  uudecided.  Aocordiug  to  Bizzozoho  and  others,  the  leucocytes  are 
not  the  starting-point  in  the  fibrin  formation,  but  rather  the  blood-plates. 


'  FccuniJ,  Wien.  med.  Jabtb..  It^O  i  IlaycTiirt  aud  Carlkr.  Jouru,   of   AuaL  aod'> 
Physiol.,  Vol.  23. 

*  PQUKi-r'8  Arch..  Bil.  U.  Tlie  wurks  of  Alex.  SclimiiU  are  fouud  lu  Arch.  f.  Aaftt.. 
tinil  PhyabU.  1861.  1863;  Pmigei's  Arcb  ,  Bdd.  C.  9.  II.  18.  See  npt^-ially  AKl 
Scliroidl.  Zur  BlaiU-hre  (Lciptig.  18D2i,  which  bIsu  givi-s  tlie  work  of  bla  pupfli^  und' 
Wclteic  Beitr&ge  zur  Blut1ebr«,  189S.  \ 

'■WIpn.  SilziingBber.,  Bdd.  8B  nnd  00,  nnd  Praper  med.  Wocbenwdir.,  1980.     R»., 
fcrnsl  to  ha  Ct-utrulbl.  f.  d.  mi-d.  "Wi.wuscli..  Bd.  28.  S.  265.  ' 

*  Glesbach.  PflQg«r'8  Atrli..  IW.  fiO.  nniL  CcatmlUl.  f.  rl.  iretl.  WUseoKlt..  1««; 
Llllenreld,  Uebrr  T<i'iiliov,vli'n  uiid  BtiitgvrhiDiiug,  Vi^rhaDdl.  d.  physiol.  tiewlUrli, 
zii  Bt^rlin.  No.  11.  1892  ;  Tcbcr  den  llQuigen  Zitslnod  dcs  Blutcs.  etc..  Aid..  Ko.  16, 
1903  :  and  WHioni  BeltHl^  xiir  KemiliiiaiHi  t\vt  Bliitg«riiinunff,  I'Md.,  Julj.  1888,  Zell- 
Klir.f.  ph.vsiol.  Cbcin,.  Bd.  20, 
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Altbongh  the  riewB  on  this  point  u-e  strongly  divergent,  alill  all  investiga- 
tors seem  to  bo  tinited  that  some  constitnents  of  the  form-elementB  take 
yut  in  the  coagnlatiou  of  tlie  blond. 

WooLunrnuK '  ttikc-s  it  rerj'  I'ecuUar  poailloii  in  regnrd  to  lUia  queetion,  uaroety,  be 
consiilera  the  funn-clcmciits  n<<  oulf  ot  ■ccotidary  imporlsrice  in  coaji:iilallon.  As  round 
bj  lilit).  n  peptuuv-iiU-siiiH,  wliicli  hn»  beeo  freeil  from  all  foriu-couitiitui^iiti  bjiiieausof 
WBtiiru^jtl  loTCc.  yioUN  aliumluDt  flbrlu  wbi-u  it  is  iiui  M-itnnilcd  fiwHi  a  siilMslniice 
•nliU-.h  ]>te<:i|)iinics  uti  cooling.  TliU  sub^Uiucc.  wliicli  Wooldkidok  hu  called  A Ubiin- 
agett,  M>cms  to  all  npin-'umnces  to  Iw  a  nuclcupnittfid.  wliicli.  iiLt.-ordiuc  to  tUe  unuot- 
iaou<(V)rw  of  Bcvenit  iiivi-atiinilunt.  orifiiiiHti^s  fium  tti(  foiTD-flcmeiilftof  toe  blood,  flltlier 
tlic  lilootl  filiilvaoi-  tliclcijcurytt-'s,  niiil  itiPKcnvnilljr  nccuptml  vivwiia  to  Ibugrekl  Import- 
Mice  of  ihL-  fniiii-clemeDU  ia  tbe  cosgutattou  of  ibv  bloud  b  Dot  really  oootnry  to 
WimLuitiuiiK's  cxpt-riuieuU. 

The  views  are  greatly  divided   in  regard  to  those  bodies  which  are 

imiaated  from  the  form-elements  of  the  blood  before  and  during  coagala- 

According  to  Alex.  ScusiinT  the  leacocytes,  like  all  cells,  oontain  two 
eliief  groii|ie  of  constituents,  one  of  which  Br:celerates  roa^iilatioii,  wliile  the 
other  retards  or  hinders  it  The  first  may  be  extracted  from  the  cells  by 
alcohol,  white  Uie  other  caaaot  he  extracted.  Blood-plasma  coataina  only 
traces  of  thrombin,  ac-conling  to  Sciimiit,  but  does  uontaiii  its  aiiteoodent, 
protlirombin.  The  bodies  which  accelerate  coagulation  are  neither  thrombin 
nor  prothrombin,  but  they  act  in  this  wise  in  that  they  split  oil  thrombin 
from  the  prothrombin.  On  this  account  they  are  called  xijmoplastic 
iithstattces  by  Alex.  Scniiinr.  Tbe  natnre  of  these  bodies  ix  unknown, 
ftod  according  to  Liliexfelh  KII^PO,  is  foand  amongct  them,  and 
ScDUiDT  has  given  no  riolJco  of  tlieir  behavior  to  the  lime  salts,  which  have 
been  found  to  hare  zymoplastic  activity  by  other  luvestigutona. 

The  conatituenls  of  the  cells  which  hinder  coagulation  and  whtcli  are 
ioBoltible  in  ulcoliol-etlier  are  compotind  proteidtj  and  have  been  called 
cytoghbin  and  preijlnhuUn  by  iS'_n\in>r.  The  retjirding  action  of  these 
bodies  may  be  suppressed  by  the  addition  of  zymoplastic  substances,  and 
the  yield  of  fibrin  on  coagulation  iu  this  case  is  much  greater  than  in  the 
%l>sence  of  Che  compound  protcid-rctunling  coagulation.  This  laet  supplies 
the  material  from  which  the  fibrin  is  produced.  The  process  is,  according 
to  Scummjt,  as  follows:  TIjc  preglobulin  first  splits,  yielding  scrglobtilin, 
then  from  i.\m  the  fibrinogen  iit  derived  and  from  this  latter  tlie  fibrin 
ii  produced.  The  object  of  the  thrombin  is  twofold.  The  thrombin  first 
splits  the  fibrinogen  from  the  paraglobulin  and  then  converts  the  fibrinogen 
into  fibriu.  The  asaomptton  that  fibrinogen  can  be  split  from  paraglobulin 
ItM  not  sufficient  foundation  and  is  even  improbable. 

According  to  Soumidt  tbe  retarding  action  of  the  cells  is  prominent 
daring  life,  while  the  accelerating  action  is  es[H>ciaUy  prononnce'l  oatslde 
of  the  body  or  by  coming  in  contact  with  foreign  bodtee.   The  pareuchymous 


'  Die  Ovrianuog  dcs  Blutes  (publlslied  by  M.  v.  Prey,  Leipzig.  1891). 
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massefl  of  the  organa  and  tissaes,  tfarongli  which,  the  blood  floTS  in  the 
capillaries,  are  those  cell-maaaeB  which  aerre  to  keep  the  blood  flaid  daring 
life. 

LiLiEKFELD  hag  given  farther  proofs  as  to  the  occarrence  in  the  form- 
elements  of  the  blood  of  bodies  which  accelerate  or  retard  tiie  coagulation. 
According  to  this  author  the  nature  of  these  bodies  is  rerj  marked!,*' 
different  from  Schmidt's  idea.  While,  according  to  Schkidt,  the  coagu- 
lation-accelerators are  bodies  soluble  in  alcohol,  and  the  compound  proteids 
exhausted  with  alcohol  only  act  retarding!;  on  coagulation,  Liusnfbld 
states  that  the  substance  which  acts  acceleratinglj  and  retardingly  on 
coagulation  consists  of  a  nucleoproteid,  namely,  nucleobiston.  Nucleohiaton 
readily  splits  into  leuconuclein  and  histon,  the  first  of  which  acts  as  a 
coagulation-excitant,  while  the  other,  introduced  into  the  blood-Tascular 
system,  either  intravascular  or  extravascnlar,  robs  the  blood  of  its  property 
of  coagulating.  Introduced  into  the  circulatory  system  the  nucleohistoD 
splits  into  its  two  components.  It  therefore  causes  extensive  ooagnlation 
on  one  side  and  makes  the  remainder  of  the  blood  uncoagalable  on  the 
other.  Lilienfeld's  theory  differs  from  that  of  Alsx.  Scbmidt  and  most 
other  investigators  in  that  the  fibrin  ferment  is  not  considered  as  a 
precursor,  but  as  a  product,  of  the  coagnlation.  The  true  canse  of  coagula- 
tion is  the  lenconncleins,  according  to  Lilienfeld.  The  investigations  of 
LiLiENFELD  are  not  sufficiently  conclusive  for  such  a  view. 

Brucee  showed  long  ago  that  fibrin  left  an  ash  containing  calcium 
phosphate.  The  fact  that  calcium  salts  may  facilitate  or  even  cause  a 
coagulation  in  liquids  poor  in  ferment  has  been  known  for  several  yean 
through  the  researches  of  Hammarsten,  Green,  Bingbr,  and  Sainsbury. 
Tlie  necessity  of  the  lime  salts  for  the  coagulation  of  blood  and  plasma  was 
first  shown  positively  by  the  important  investigations  of  Arthcs  and 
Pages.'  We  are  not  clear  in  regard  to  the  manner  in  which  the  lime  salts 
act. 

According  to  the  generally  accepted  view  of  Arthus  and  Pag^  the 
soluble  lime  salts  precipitable  by  oxalate  are  necessary  requisites  for  the 
fermentive  transfonnaiion  of  fibrinogen  because  thrombin  remains  inactive 
in  the  absence  of  soluble  lime  salts.  This  view  is  untenable,  as  shown  by 
the  researches  of  Alex.  Schmidt,  Pekelharino,  and  Hammarsten.* 
Thrombin  acts  as  well  in  the  absence  as  in  the  presence  of  precipitable  lime 
salts. 


'  Hammarsten,  Nova  Acta  reg.  Boc.  Scient.  Upsal  (3),  Bd.  10,^879;  Oreen,  Journ. 
of  Pliybiol.,  Vol.  8;  Itinger  and  Saiiisbury,  iliid.,  Vols.  II  and  12  ;  Arthus  et  Pag^  nud 
Artbiis,  see  foot-note,  p.  124;  Hammarsteu,  ZcU'vbr.  f.  pbyalol.  CLem..  Bd.  22. 

*  HammarsteD ,  Zeltsclir.  f.  pbysiol.  Cbem.,  Bd.  '.2,  wberetbi.  other  lovestigatora  art 
cited. 
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LiUEHFELu's  theory  that  the  leacoQucleiu  splica  off  a  protein  sabstacce, 
Mrom^t'r),  from  the  librinugeii,  and  this  thromboaiu  forms  iin  ineuliible 
oorabination,  tlirombosiii  lime  (fibrin),  which  separates  vith  the  time 
pre«eiit,  is  incorrect  according  to  Uauuahsten,  Scuafeh,  sDd  Csaxek.' 
Lixiespeld's  thrombosin  ia  nothing  but  fibrinogeu  Trhicb  is  precipitated 
by  a  lime  salt  from  a  salt-poor  or  ealt-frce  solution. 

According  to  Pekelhabing*  thrombin  is  the  lime  combination  of 
prothrombin,  ami  the  process  of  coagulation  coiieists,  according  to  liim,  in 
the  thrombin  transferring  the  linie  to  the  fibriuogen,  trhtch  is  hereby  con- 

jiverted  into  an  insoluble  lime  combination,  fibrin.  The  tbrombia  it  hereby 
reconrerted  into  prothrombin,  which  again  takes  np  lime  to  be  transformed 
into  thrombin,  which  gires  up  its  lime  to  a  nevr  portion  of  fibrinogen,  con- 
verting it  into  6br)n;  and  so  on.  Among  the  objections  to  this  theory  we 
eut  mention,  among  others,  the  fact  that  fibrin  has  been  obtained  not 
labsolnlely  free  from  lime,  but  still  so  poor  iu  lime  (nnpublished  inrestiga* 
tions  of  the  author)  that  if  the  lime,  belongs  to  the  fibrin  molecule  it  must 
be  more  than  ten  times  greater  than  the  haemoglobin  molecnle,  which  ia  not 
probable.  These  as  well  aa  many  other  obserrations  decide  ttiat  the  lime 
is  earned  down  by  the  Hbrinogen  only  as  a  contamination. 

If,  as  it  seems,  the  lime  ia  not  of  importance  in  the  tmnsfonnacion  of 

[fibrinogen  into  fibrin  in  the  presence  of  thrombla,  still  this  does  not  con- 
tmdict  tlie  above-mentioned  observations  of  AnTnrs  and  Pao^s  that  the 
lime  salts  are  necessary  for  the  coagnlation  of  blood  and  plasmas.  It  h  very 
probable  that  the  lime  salts,  aa  admitted  by  I'EKKLHAEiN'it,  are  a  necessary 
reqaiaitQ  for  the  transformation  of  prothrombin  into  thrombin. 

It  is  a  (|uestiou  whether  the  prothrombin  exists  in  the  plaama  of  the 
circnlating  blood  or  whether  it  is  a  hody  eliminated  from  the  form-elemenM 
before  coagulation.  Alex.  Scumidt  claioLS  that  the  ctrcaUtiug  plasma 
contains  prothrombin,  but  PKKKr.n.\Ris*a  disclaims  this,  fliooil-plasnia 
obtained  by  means  of  leech  infusion  does  not  coagalate  on  the  addition  of 
lime  aalta,  bat  does  on  the  addition  of  a  prothrombin  solatioa.  The  form* 
elements,  especially  the  blood-plates,  are  particnlarly  well  preserved  by  snch 
plasma;  and  according  to  Pekeluarin'O  it  is  probable  that  the  circulating 
plaama  does  not  contain  any  mentionable  amounts  of  prothrombin,  and  that 
Ibis  ix)dy  emerges  from  the  form-elements,  pprhajjs  the  idood-plates,  before 
coagulation.  The  differenco  between  the  views  of  SfHMinr  aitd  Pekei,- 
lUBiKU  on  this  point  is  as  follows:  According  to  Schmidt  it  is  tho  xymo- 
plastic  enb^tancos  which  pass  from  the  form-elements  into  tho  plasma  and 
transform  the  prothrombin   existing  preformed   therein.      PEKBLRAitiKG 

'  HKiDuinreieQ,   I.e.;  Scblfer,  Jouro.  of  Pbyidol.,  Vol.   IT;   Oramer,  Zcltschr.  f. 

pliyiiol.  Chvm..  Bd.  28. 

*  Sea  foot-Duto  4,  p«ge  liT.  mad  especially  VIfcIiuw'b  Pefltaclirlft,  Hd.  1.  18dl. 
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olaima  tbat  it  is  the  prothrombin  which  passes  from  the  form-eletnents  into 
the  plasma  and  is  converted  into  thrombin  bj  the  lime  salts  of  the  plasma. 

In  opposition  \X}  llif  view  of  Al&x.  Scdmidt,  who  coiis]<1ltr  the  fihriti  coagulallon  ta 
&n  eiizyrooiir  procen,  Wooi-driimir'  is  of  tbc  opiDloa  thai  lb<?  fibrin  fvrniriii  !■  oot  ihe 
cause  of  tho  cfwgulittioii.  but  Is  u  prmlucl  uf  ttie  cbcmical  processes  luking  piRre  Amt- 
Ing  ooaglilBtloii-  Wtjiii.i>utmiK  claiinii.  on  the  rDrilniiy,  liuit  krhhln  niiil  |>r>il«in  siilw 
Uauces  coDtaintng  lecttltiu  sr«  of  the  grcxtesi  importftDcc  iii  tlic  coiisul&tion,  «itii  ih<o 
esseulial  for  the  formalion  of  fibrin  iii  nn  excliiin^v  iirtloit  bclween  (wo  flbriiioj;t-n  siili- 
■lancea.  tt-libHnogcD  nod  /J-SbriDogVD.  An  cxcbancc  of  lecithin  from  (T-flbrludgeii  lo 
/f-flbrinog<'D  liilieii  plnoe.  ftiid  llic  rorni-eU'iii«nUi  nrp  only  of  niinor  iuiporUuce  (or  llic 
entire  process.  Halliiii^ktoN' '  linii  pi-ctcnted  weJcbty  nrfoinicat*  against  ibis  iLeory. 
wbicli  are  uot  suCicienUy  fouudtd  by  Woux.i>im»OB  s  uberralionB. 

Intravascular  codffulatiott.  It  has  been  shown  by  Ai.BX.  Schmidt  and 
his  Mtttdenta,  as  oleo  by  Wooldbidoe,  Wright,'  and  others,  that  an  inlra- 
Tascular  coagulation  may  be  bronght  about  by  the  intraTenoaa  injection 
into  the  circiiUting  blood  of  a  large  quantity  of  a  tir  utibin  solution,  as  also 
by  the  injection  of  leucocytes  or  tissue  fil)rinogen  (impure  nncleohiston). 
Intravaacnlar  coagulation  may  be  brought  about  also  under  other  conditions, 
eac}i  as  after  the  injection  of  snake-poison  (Ma.utim*)  or  certain  of  the 
proteifl-lil:a  colloid  enbstances,  synthetically  prepared  according  to 
GfiiMArx's  method  (IIalliuuetos  and  Pickebing  ').  In  rabbits  this 
coagulation  may  extend  Uirongh  the  eittirc  vascnlar  system,  while  in  dogs 
it  is  ordinarily  (Confined  to  the  ))ortal  system.  The  blood  in  the  other  jmrts 
ct  the  vasculfir  system  has  generally  a  decreased  coagnlability.  If  too 
little  of  the  above-mentioned  bodies  be  injected,  then  we  obeerre  only  a 
nmrked  retarding  tendency  in  the  coogalation  of  the  blood.  According  to 
Wooi.DRiDCE  we  can  generally  maintain  that  after  a  short  stage  of  accel- 
erated coagnlability,  which  may  lead  to  a  total  or  partial  intrarasctilar 
coagnlation^  a  second  stage  of  a  diminished  or  eren  arrested  coagnlability  of 
the  blood  follows.  The  first  stivge  is  designated  (Woow»Ridgk)  as  the 
positim  and  the  other  as  the  negative  phaxe  of  coagnlation.  Tbece  state- 
nente  have  been  confirmed  by  several  inrestigators. 

There  ih  no  doubt  that  the  positiro  plia^^e  is  bronght  abont  by  im  abun- 
dant introduction  of  thrombin,  or  by  a  rapid  and  abnudant  formation  of  tho 
same.  According  to  Alex.  ScnMiOT,  the  zymoplastic  substances  soluble  in 
alcohol  are  active  in  these  processRH,  ivliile  lUTording  to  the  investigationa 
oF  L1LIENFEI.D  this  action  is  caused  more  likely  by  the  lenconucleins  split 
o3  from  the  nncleohiston.  According  to  WooLi)Eit>ti£,  his  tissne  fibrinogen 
does  not  produce  any  intrarascnlar  coagnlation  if  it  is  freed  from  contmmi- 

'  Wooldiidfe'e.  I.  c;  lIali^^llrK)u.  Journ.  of  Pbysiol..  Vol.  9. 

'  A  Slariy  of  the  Inlmvasnilnr  Coiiguktioii,  etc.,  PniL-eed.  of  tbc  Boy.  Irlsli  Acad. 
(3),  Vol.  a.  See  also  Wriglit,  Lecture  on  Tissue  or  Cell  Fibrinogen,  Tbc  Lancet.  ISOS  ; 
and  Wooldrldgo's  Hetbod  of  Producing  Immunily,  etc.,  Br[|.  Med.  Joumal,  Sept,  1801. 

•Journ.  of  Pbydot..  Vol.  15. 

*iW(f..  Vol.  18. 
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tinting  bodies  bjr  means  of  alcobol.     This  corret^ponds  with,  thu  i^uLeiiients 
of  Ai.RX.  Scnmnr,  but  still  further  inTostigations  are  necessary. 

The  erplunation  of  the  prodnccion  of  the  tiegutire  piiiuo  has  bc«n 
attempted  in  different  «ra_VB.  Lii.ie.m'eld  seeks  Uie  reason  in  a  cleavage  of 
biatoti,  which  baa  a  retarding  action,  from  the  iiacleohititon.  The  retarding 
action  of  histon  haa  been  shovn,  bnt  not  its  cleavage  from  nncleohistoii  in 
this  process.  According  to  W'rhiht  and  pEKKi.HAUiKf;,  tlie  retarUng 
&ab3tanoB3  are  lUbnmosea,  which  are  formed  in  the  deconipoeition  of  the 
injected  nncleoproteids.     In  opposition  to  this  vieir  we  have  the  fact  that 

'■•other  investigators,  as  Hauliulutun  aud  Bkudih,'  have  been  nnablo  to 
detect  any  albamose  in  the  blood  or  urine  nader  these  conditions.  The 
retarding  action  of  the  poisonous  substance  of  snake-blood,  which  is  not  a 

■nocleoproteid,  as  well  as  the  action  of  albumoaes,  Sfraakti  against  the  asanmp- 
tion  as  to  a  retarding  decomposition  product  of  the  injecteil  iiticleo[)roteid. 
We  have  a  large  number  of  researches  on  the  action  of  albumoses  by 
different  inrestigatora,  each  as  fiRosJEAX,  Leiwux,*  CoMTeJKAN,  Dastre, 
FLOREsro.  Atuanasic,  Cahvallo,  Gley,  Hacuon,  Dklkzknnk,*  Spiro, 
juid   ELLiyoER.*     The  chief  result  derived   from  all   these  investigations 

[aeeua  to  be  that  after  the  injection  of  albamoses  a  special  substance  (at 

[least  chiefly]  Is  formed  in  the  liver.  This  snbstauce  lias  a  retarding  action 
on  coagalution^  hence  the  albamoses  are  not  diractly  active.  If  the  blood 
has  its  coagulability  returned  some  time  after  an  injection  of  albnmosft 
solution,  its  coagalation  is  not  prevented  by  another  injection  of  albomoses. 
The  animal  hutt  become  immiinc  against  an  albamose  injection,  aconditioa 
"*hich  ba8  been  explaine<l  in  dilTerent  ways  (see  Spiro  and  Eij.inobk). 

WuitiUT  gives  w  reason  why  the  intravaacnlar  coagalation  of  the  blood 
of  a  dog  is  ordinarily  confiue<I  to  the  portal  system  in  the  fact  that  it  cou~ 
tains  larger  (juantities  of  carbon  dioxide.     An  increased  iinantity  of  carbon 

kdioxido  in  the  btood  favors  the  appearance  of  the  positive  phase,  and  an 
intnrascular  coagulutiun,  extending  over  the  entire  vascular  system,  may 
be  produced  in  dogs  that  have  lieen  asphyxiated  by  claniptng  the  trachea,  by 
injecting  tissue  fibrinogen  (impnre  nncleohiston).  Dei.rzennk'  has  arrived 
at   the  couclnsion   by  continued  investigutiou  liuit  the  bodies  retarding 

Ecoagnlation  canse  a  hypoloncocytoBis,  chiefly  by  their  destructive  action  on 
the  leuoocyt«i.     The  action  of  the  liver  consists  in  that  this  organ  prodncea . 


>  Wright.  1.  c;  Lllkitfeltl,  I.  c;  Pekelbarlug.  I.  c;  Ualliburlou  and  Brodle,  Journ. 
of  Physiol.,  Vol.  17. 

■  QrowJcaD,  Timnux  du  labonilolre  dc  L.  Frodericc],  i,    Llvg«,  1802.     L«duux,  tMi., 
5.  18M. 

■  Tbe  works  of  tbv  abovc-mcatiuneii  French  lnvmigalDr»  can  ba  roimd  io  CompC. 
rend   toe.  Mol.,  Toinva  4d.  47,  and  48.  nnd  Arcb.  d.  Physiol.  (5),  Tomes  7,  8,  and  ^. 

*  Z-itBctar.  r.  pti>siol,  Cheni  ,  Bd.  'JS. 

■  Arch,  de  Physiol.  (0).  Tome  10,  pHf^ca  509  and  &88. 
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a  special  sDlstance  which  retards  coagalation.  It  consists,  moreover,  in  that 
in  ttio  cleavage  of  the  micleohistoii  the  leiiconacloia,  which  acta  to  enhance 
coagulation,  is  retained  by  the  lirer-cells,  while  the  histoii,  which  retards 
coagulatioDf  remaiua  in  the  blood. 

The  j(MM  of  the  blood  will  be  treated  of  in  Chapter  XVII  (on  reepira- 
tion). 


IV.   The  Qiuiiifttntive  Composition  of  the  Blood. 

The  r|ii.iuitiLiktive  nimlyEiB  of  blood  cannot  bo  of  value  for  the  blood  as  an 
entirety.  Wo  must  EBcertain  on  one  side  tlie  relationship  of  the  plasma  and 
blood-corpasoles  to  eiich  other,  and  on  the  otlier  eide  the  coustitotion  of 
eacli  of  these  two  chief  constituents,  'i'he  dinicntties  which  stand  in  the 
way  of  BLich  a  task,  especially  in  rep;ard  to  the  living,  non-coagnlaLed  blood, 
have  not  Leeti  removed.  Since  the  constitntion  of  tlie  blood  may  differ  not 
ooly  ill  different  vaacular  regions,  but  also  in  the  same  region  under 
dilferent  clrciintKLances,  which  renders  alao  a  nomber  of  blood  analveee 
necessary,  it  can  hardly  appear  remarkable  that  our  knowledge  of  the 
constitution  of  the  blood  is  still  relatively  limited. 

The  relative  volume  of  blood-corpasclee  and  seram  in  de6brinated  blood 
may  be  determined,  according  to  L.  and  M.  lii.EiuTKEU,"  by  varioai 
methods  if  the  defibrinated  blood  is  mixed  with  different  proportioni  of 
jsotomiu  XaCI  solution  (I  vol.  of  tlie  blood  to  at  leant  1  vol.  salt  solntion), 
the  blood-corpusclea  allowed  to  aettle  to  the  bottom  or  facilitated  by 
centrifagal  force,  and  the  clear  supernatant  mixture  of  serum  and  common- 
fialt  solution  siphoned  off.     The  methods  are  as  follows: 

1  lli'lermioe  the  quantity  of  nitmgen  in  nt  Icnnt  two  difTerent  porliona  nf  Ibe  mixture 
of  HTUiii  ami  (wlt  urtlmfyn  f.ymeniiRof  Kjemiaui.'s  metltmi  nnil  cAlotilittc  tbequanlt^ 
oT  proleid  rnrrespnti'diiis  tlivn-tu  by  iinilliplviuR  wjtli  8.33,  and  llic  relnlive  Tolume  of 
blooi)  X,  nnil  also  itie  voiiime  oT  Uie  elruclurn]  elmneuts  (1  —x),  ia  fouod  by  ihe  fuUowlDf 
vijiiation  : 

«,  *, 


{'. 


In  Ibis  rqunlion  (for  mlxlurcs  1  niHl  3),  f;,  or  1%  rvprcsL-iils  tlio  volumi'  of  blnod  in  the 
mixiiirc,  »%  or  «■  tlie  volume  of  emU  soUitttiu,  and  e,  or  e^  tlic  qiuiiilily  of  |>roteid  In  a  cer- 
tain vti|iirii«  of  <'Dcli  )iiixtui«. 

2.  Determine  llif!  t^pucillcj^nvity  oT  the  Uortil-scnim.  llie  Hill&aliilinniiatid  nt  lenstona 
of  ibc  iitlxtiii'cs  of  Henini  nmi  aiilt  snliiiinii  hy  tdcud!)  of  a  pykoonieler.  Tlic  relativa 
voliiiut!  bi  Bcrum  z  u  founiJ  tu  tliU  by  tbc  rulluwiDg  ciiuutioa  : 


ar  = 
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In  tbiii  equation  «  aD<1  h  reprMenl  Ibv  voWinu'H  c/  salt  solutinn  iTid  blood  mixed.  S  re[>- 
retu<uia  Ibe  spt^cilic:  gravity  nf  tb^ottlftluol  MTiini  niiiti  iinll  Nolnlimi  oblained  ou  Bliowiag 
tbp  l;1ood-i^-i>rpusclca  1o  scitle,  f\  llie  xp  g^r  of  Hie  sc-mrn.  mid  A'  ihitt  of  the  aall  •olulloB. 
For  borse's  blood,  tvo  olber,  shorter  Dieibods  ui»y  be  iuatl«  use  of  {tee  tbe  orlgiiiil 
article). 


Ptlu^cr's  Arab..  Bdd.  SI,  55,  and  60. 
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Important  objections  hare  been  presented  bj  severnl  inrestigatora,  auch 
w  Hykm^ln,  iltBKK&CKi,  nnd  IIp.din,'  iigBinst  the  above  methods,  irhose 
Taliie  tUereforc  ia  (|aoatioiiable.  St.  IJunARSKY  anil  Tasol*  Imve  aug- 
gesteil  another  method  baaed  on  the  different  electrical  conductiritj  of  tha 
blood  and  j>]asnia. 

For  clinical  purpoaet  tbe  relatire  rolume  of  eorpuscles  in  the  blood  may 
bo  determined  by  the  use  of  a  small  centrifuge  caliec]  hmn<iiocrit^  cocBtructed 
by  Hlix  and  described  and  tested  by  ]Ied!x.  A  measured  quantity  of 
blood  ia  mixed  with  a  known  Tolnme  (best  an  equal  volnme)  of  a  ilnid 
which  prerentA  coagnlatloii.  This  mixture  ii^  introdncecl  iiit«  a  tube  and 
tbeD  centrifnged.  According  to  IIkdin  it  \s  )>e«t  to  treat  the  blood,  whiclj 
is  kept  fluid  by  1  p.  m.  oxalate,  with  an  equal  volume  uf  a  '.)  p.  m.  N'liCl 
solution.  After  complete  centrifugation  the  layer  of  b]ood-cor]>u8c1e8  is  read 
off  OQ  the  graduated  tube,  and  the  vohime  of  blood -corptiscles  (or  mora 
correctly  the  layer  of  blood -cnrjinsclce)  calculated  in  100  vols,  of  the  blood 
therefrom.  ]5y  means  of  compurattre  counts  Hedik  and  Daland  liave 
found  that  an  approximately  constant  relation  exists  between  the  volnme  of 
the  layer  of  blood -corpnscles  and  the   number  of  red   corpuscles  under 

Iihyaiological  conditions,  so  that  the  number  of  corpuscles  may  be  cftlcnlated 
tom  the  volume.  Ualaxd*  has  shown  that  aocb  a  calculation  gives 
approximate  results  also  in  disease,  when  the  size  of  tlie  hloo<l-corpuscles 
does  not  ossentially  deviate  from  the  normal.  In  certain  diseases,  each  as 
pemicioas  anifmia,  this  meliioil  giv^  such  iimcciirate  reeulta  that  it  cannot 
be  used. 

In  determining  tbe  relationship  between  the  weight  of  blood-corpusclee 
and  t)ie  weight  of  blood-flnid,  we  generally  proceed  !d  the  following 
manner: 

If  any  substance  is  fonnd  in  the  blood  which  belongs  exclaeivcly  to  the 
plasma  and  does  not  occur  in  the  blood-corpuscles,  then  the  amount  of 
pluma  contained  in  the  blood  may  be  calculated  if  wc  dcLermine  the  amonut 
of  this  substance  in  100  parts  of  the  plasma  or  serum,  respectively,  on  one 
side  and  in  100  parts  of  tbe  blood  ou  tbe  other.  If  we  represent  tbe 
amount  of  this  substance  in  the  plasma  by  p  and  in  the  blood  by  b,  then 

a  amount  of  r  in  tbe  plasma  from  100  jtarts  of  blood  is  x  — '—. 

Such  a  substance,  which  occurs  only  in  the  plasma,  is  fibrin  according 
to  UoiTE-SKYLtn,  sodium  according  to  lU'NfiK  (in  certain  kiufls  of  blood), 
and  sri^'ar  according  to  Otto.'  The  experimenters  just  named  hate  tried 
to  determine  the  amount  of  the  plasma  and  blooJ-corpnscleis,  respectively, 
in  different  kiuds  of  bloful,  starting  from  thn  above-mentioned  JuiibstanceR. 

Another  method,  suggested  by  IIoi-pe-Sbvlkk,  is  to  determine  the  total 
amount  of  ha.Miioglobin  and  proteids  in  a  portion  of  blood,  and  on  the  other 
hand  the  amount  of  bicmoglohin  and  proteids  in  the  bloDd-rorpusclea  (from 


'  Biem»ckl.  Zeii*c!.f.  f.  pbyslol,  Clieni.,  IW.  Ifl  .  EykiUAO.  Paoger'*  Areli..  Bd.  60; 
Hi^in,  ihuL.  And  Skatid.  Anrli.  f,  PhyMul.,  Hd.  S. 

•Ceiilralbl.  t.  Pliystol..  Bd.  U. 

■  Heiliu.  Sksiid.  Arch.  f.  Pliyaiol,  B(L  3,  8.  SOI  and  Bd.  S  ;  PUflger^s  Arch..  Bd. 
W) :  Daland.  PorUcUHlte  d.  Sfixl..  Bd.  9. 

*  Hoppe-Seyler,  Haodt).  d.  pliysiol.  it.  pntli.  chem.  ADslyM,  0.  AulL;BuDge,  Zeib 
Klir.  t.  Biologie.  Bd.  18;  Olto.  PllQger'a  Arch..  Bd.  85. 
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an  oqau]  portion  of  tlie  «une  blood),  which  have  been  gafficienllj  washed 
witli  coin  moil -suit  solulinii  hy  centrifugal  force.  The  figurea  obtained  iis  il 
UiiTerencc  hetween  tbe»u  two  detenu iuutiuiis  correspond  to  the  amoiint  of 
protelda  which  wiw  coiitniued  in  the  senim  of  the  first  portion  of  hlood. 
If  we  now  lietermiue  the  proteids  in  a  special  portion  of  Bernin  of  the  same 
blood,  then  tlio  umoinit  of  Bcruni  in  Iho  blood  is  eaaily  determined.  The 
usefulness  of  this  method  has  been  confirmed  by  Bi'Nc.k  by  the  control 
exjieriiiients  with  tho  sodium  deter]tiinn.Lion5i.  If  the  amount  of  serum  and 
blood -oorpnscles  in  the  blood  is  known,  and  we  then  det«rmine  the  amouul 
of  Che  difTcrent  blood-conHtitnents  in  the  blood-»eriini  on  one  side  and  of 
the  total  blood  on  tiie  otlier,  tlio  diatrilintiun  of  these  different  blooil-con 
stitueuts  in  the  two  chief  componeute  of  the  blood,  plasma  and  blood- 
corpusclcfi,  may  bo  aseortaiiied.  On  the  opposite  page  are  given  analyses 
of  varioiiB  animid  bloods  by  Akihihualuen  '  iiccording  to  iiorrE-8K\i.KR's 
and  liriNT.E's  niethod«.  The  analyses  of  human  blood  by  ('.  SciiMinT'  are 
older  and  were  made  according  to  another  method,  hence  perhaps  tho 
results  for  the  weight  of  corpuscles  is  a  little  too  high.  All  the  results  are 
in  parts  jjcr  1000  parts  of  blood. 

The  relation  between  blood -corpnscles  and  plasma  may  vary  oonsiderably 
cuiler  ditTeront  circnmstances  even  in  the  s:imo  species  of  animal.  In 
animals  iu  most  coses  considerably  more  plasma  is  formed^  sometimea  |  of 
tho  weight  of  the  blood.'  For  huniau  blood  Akuonet  has  fonnd  478. S 
p.  HI.  b1oD[]-cor)>uscle8  and  tt'^ll.'i  p.  ni.  soruin  (in  delibrioated  blood)  aa  aa 
arerage  of  nine  determinations.  Schnciuek  *  found  340.6  and  650.4  p.  m. 
respectively  tu  women. 

The  sugar  occurs,  it  seems,  only  in  the  acrum  and  not  with  the  blood- 
corpusclea.  The  same  is  true,  according  to  AiiDEsnALDEX,  for  the  lime, 
fat,  and  perhaps  also  the  fatty  acids.  Tho  diviBion  of  the  alkalie«  l>etween 
the  blood -corpuscles  and  the  iiloHnia  is  differeut,  as  the  blood -corpuscles 
from  tho  pig,  horse,  and  mbbit  cont&in  no  soda,  those  from  human  hluod 
fcre  richer  in  potassium,  and  tho  corpuscles  from  ox-,  sheep-,  goat-,  d(^-,  and 
cat-blood  are  consiilcnjbly  richer  in  sodium  than  potassium.  Chlorine  cxistt 
iu  all  blood  to  u  greater  extent  in  the  seram  than  in  the  blood -co  rpusclee. 
The  iron  seems  to  occur  entirely  in  the  blood -corpuscles.  Alanganese  liaa 
been  found  in  blood,  as  well  as  traces  of  lithium,  copper,  lead,  and  silver. 
'VUv  blood  as  a  whole  contaiuB  in  ordinary  cases  770-820  p.  m,  water,  with 
180-230  p.  ni.  solids;  of  these  173-220  p.  m.  are  organic  and  6-10  p.  m. 
inoi^uic.  The  organic  consists,  deducting  &-12  p.  m.  extractive  boiliee, 
of  proteids  and  hspmoglohin.  The  amount  of  this  luat-mentioned  body  in 
liDmau  blood  Is  about  130-150  p.  m.     In  tho  dog,  cat,  pig,  and  horse  the 

■  Z«ilM-lir.  f.  plifSlol.  Chem.,  Utld.  SJtand  20. 

*  Ciied  mad  iu  part  recalculntvd  from  v.  <}onii>-B««iiije£.  L<-lirb.  rl.  physlnl.  Cbeuu^ 
4.  AuB.,  S.  845. 

•  Sec  BucharJIn  ia  n«piH!-8cy In-'s  Pliyisiol.  CliPin..  a.  447;  Olio.  Punter's  Arcli.,  BH, 
8S  ;  Buoge.  1.  c:  L.  and  M.  Dlelbivfti.  PdUger'a  Arcli..  Bd.  r,\. 

«  Anouel,  Maty'a  JuUrvsber.,  Bd.  17;  Scdneldar,  Canttulbl    f .  Pb>sioI ,  Bd.  6.  S.  8CS;. 
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The  amonot  of  sugar  io  the  hlood  in  on  an  areraga  1-1.5  p.  m.  It 
seems  to  be  dependent  upon  the  conBtitntion  of  the  food,  as  feeding  with 
large  amonnte  of  sngar  onlextrin  oaiises  a  considerable  increase  iti  the  sugar 
of  the  blood,  as  ohaerred  by  Ulkile.  When  the  quantity  of  sagar  amounts 
to  more  than  3  p.  m.,  then,  according  to  Cl.  Bbh:mabd,'  sugar  appears  in 
the  nrine,  and  also  a  glTcosoria.     In  judgiog  of  the  amount  of  sugar  m  tho 


*  Btclle,  Du  Bob-Rejrmoad'i  Arch.,  1879;  B«nuird.  Le9oaa  lur  Is  dlaMte. 
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blood  we  have,  in  most  cases,  overlooked  tlie  fact  that  the  redaciDg  pover 
of  the  blood  is  not  dne  to  Biigar  alone  bnt  also,  and  perhaps  in  greater  pari, 
to  a  jecoriu-like  substance  (see  page  133).  According  to  llKNUiyi  t-s'  the' 
blood  contains  under  nonnal  conditioikg  only  inconsiderable  amounts  of 
sugar,  and  the  reducing  power  depends  essentially  tipon  the  jecorin.  Ad 
increase  in  the  cjnantity  of  su^ar  takes  place,  as  first  observed  by  Beiinabd 
and  lately  enbstantiated  by  Kit.  8(;hen(;k,'  after  removal  of  blood.  Accord- 
ing to  HENiaQC'K.s  this  iucroast:  of  the  redacing  power,  at  least  in  dogs,  is 
not  due  to  aogar  but  chietly  to  jecorin.* 

The  qnantity  of  urea,  which  according  to  8cu6nuokff  ia  eqnallj-f 
divided  between  the  blood-corpnscles  and  the  plasma,  is  greater  on  takinj 
food  than  in  starvation  ((Ikehant  and  Qrix<inAUD.  Schoxdorff)  and' 
Tarles  between  0.2  and  1.&  p.  m.  la  dogs  Sciiondurff*  found  in  starra- 
tiori  11  rtniiiniuiia  of  0.348  p.m.  and  a  nmximiim  of  1.523  p.  ni.  at  the  point 
of  higliOAt  nrea  formalion.  Blood  aUo  contains  traces  of  ammonia,  vrhtch 
amounted  to  1.5  mtlltgninis  for  100  grams  arterial  dog-blood  (Xencki, 
Pawlow  and  Zaleski).  l^lie  qnoTitity  of  iirnmonia  in  the  blood  from 
the  portal  vein  is  about  3.4  times  greater,  but.  the  greatest  exists  in  tlie  blood 
from  the  branches  of  the  portal  vein,  iianiely,  the  pancreatic  veins,  where 
it  amounts  to  11.2  milligrams.  The  blood  from  healthy  persons  contalne 
on  an  average  0,90  mllligrama  per  100  c.c.  according  to  Winterhhrc* 
The  quantity  of  nric  acid  may  he  0.1  p.  m.  in  binl's  blood  (v.  ScnRdDER*). 
Lactic  acid  was  first  found  in  human  blood  by  Salomon  and  then  by 
Gadlio,  Berlinerblau  and  Ihisawa.'  The  quantity  of  lactic  acid  may 
vary  considerably.     Uerunerblau  found  0.71  p.  m.  as  inazimnm. 

The  Composition  of  the  Blood  in  Different  Vasoular  Kegioni  and  under 

Different  Conditions. 

Arterial  and  Venous  likod.  The  most  striking  difference  between 
these  two  kinds  of  blood  is  tlte  rariation  in  color  caused  by  their  containing 
differeitt  aniounls  of  gas  and  different  amoants  of  oxyhcemoglobin  and 
Iwmoglobin.     The  arterial  blood  is  light  red;  the  Tenons  blood  ii  dark  r»l^ 

>  Zelitcbr.r  phyalol.  Uti«ni.,  BU.  S8.      See  hIko  EoKkSi  ntid  Stcjaka).  Wieo.  kiln. 
WocUt;ii«clir.,18»9. 

»PflQger'>  Aicli..  Bd.  57. 

*  A  ci-iUcn.1  nivlew  of  the  different  methods  for  mnovlng  protrWs  from  tlic  blood  in 
Ibv  cstiiiijilioti  ■)(  sugAr  lioa  Itevn  giveo  by  Bt^egeii.  CeutralbL  t.  Ptiysiol..  Bd.  0. 

*  GHJIiniit  el  Qulnqiiuud,  Journal  de  riiiinlain[fi   et  d»  la  pbyaiol.,  Tome  80,  uid 
Cumpl.  rcud..  Tome  99  :  Scli^iidora,  PHUgcr's  Aicli..  Bdd,  M  and  63. 

*  Kcockl,  Pitwlow,  and  Za1c«k1,  Arcb.  descteac.  btol.  de  8i.  P<ier«bourg.  Tome  4; 
WiDlerbirg.  Wivu.  kiln.  Wocbeasclir..  1897;  mid  ZeUBrlir.  f.  kliu.  HhI.,  Bd.  83. 

*  Ludwig's  Festwhrtft,  188*?.  

1 1rianwfl.  ZeiLAchr.  f.  pt]y.ifi>].  Ciit-ni..  Bil.  17.  wblcti  atsogtveft  lh««l<ler  lllenilure. 
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dichroitio,  greeiueh  hy  tranBinitteil  light  tbroagk  thin  layers.  The  arlerial 
ooagulutas  more  qaickly  Chan  the  venonK  hlooJ.  The  latter,  oa  account  of 
the  transudation  whicli  takes  place  in  tiie  capillnrics,  in  soiiiewliHt  poorer  ia 
water  hat  richer  in  Iflood-CDrptiscles  and  hieiiiuglobiii  than  t)ic  arterial 
blood,  hot  thU  is  denied  hy  modern  investigators.  Acccriliug  to  KkCubr  ' 
and  his  pnpils  the  qtinntity  of  dry  resklne  and  hemoglobin  in  blood  from 
the  carotid  artery  and  from  the  jugular  rein  (in  cata)  are  the  same. 
UouMAMS  and  MChs&m*  could  not  detect  any  difference  in  the  qoantity 
of  fat  in  arterial  and  Tenoue  hluod. 

Blood  from  the  Portal  Vein  and  the  Hepatic  Vein.  The  blood  of  the 
hepatic  vein  ia  poorer  in  ordinary  red  hloo  J -corpuscles  but  richer  in  white 
and  so-called  young  red  blooil -corpuscles.  A  few  investigators  have  con- 
cluded from  this  chat  a  fornmtiou  of  led  bluod-corpQBCles  takes  place  in  the 
lirer,  while  others  claim  that  a  destruction  takes  place. 

In  cunse«inence  of  the  small  i|uantitieaof  bile  auil  lyuiph  found  relatively 
to  the  large  (|uaiitity  of  bl"ud  circnlatiug  tliroagh  the  liver  in  a  given  time^ 
we  can  hardly  exjiect  lo  detect  a  poaitir©  difference  in  the  composition- 
betweeu  the  blooil  of  the  portal  nnd  hepiitio  veins  by  chemical  analysis. 
The  statements  in  regard  to  such  a  difference  are  iu  fact  coutradicUtry. 
For  example,  DitosnoFF  has  found  more  haitmoglobln  in  the  hepatic  thuii  in 
the  ]>ortal  vein,  while  Otto  found  less.  Kitr<aEH  finds  that  the  quantity  of 
biemogtobin,  as  well  as  the  solidii,  in  the  blood  from  the  vessels  passing  to 
and  from  the  liver  is  different,  hnt  a  constant  relationship  cannot  bo 
determined.  The  di»piitod  qiicstron  as  to  the  varying  'juautitieB  of  sugar 
in  the  portal  and  hepatic  veins  wilt  be  discussed  in  a  following  chapter  {see 
Chaptur  VII I^  on  the  formation  of  sugar  in  the  liver).  After  a  meal  Hob 
in  carbohydrates  the  blood  of  the  portal  vein  not  only  becomes  richer  in 
dextrose,  but  may  contain  idso  dextrin  and  other  (mrboliyd rates  (v.  Meuino, 
Otto  ').  The  amount  of  urea  in  the  blood  from  the  he[>atic  vein  ia  greater 
than  in  other  blood  (fiuKiiANT  and  Ql'^^^^'^^^*)-  ^^  ngsxd  to  the 
quantity  of  ammonia,  see  page  172. 

Bhiod  of  the  Splenic  Vein  is  decidedly  richer  in  lencocytes  than  tlie 
blood  from  the  splenic  arlery.  The  red  blood-corpusclea  of  the  blood  from 
the  splenic  vein  are  smaller  than  the  ordinary,  less  flattened,  and  bIiow  a 
greater  resistance  to  water.  The  blood  from  the  splenic  vein  is  also  claimed 
to  be  richer  in  water,  fibrin,  and  proteid  than  the  ordinary  venous  blood. 
According  to  v.  Midiiknuokff,  it  is  richer  in  hieraoglobiu  than  arterial 


'  ZvitKhr.  f.  Biologic.  Bd.  3«. 
•PflOgef'8  Arehiv.  B<1.  46. 
■Dnwdorff.   Zeltsclir.  f.  physioI.  Cbcm..  Btl.  I 
T.  Merlog.  Du  BolB-Re^-mood's  Arch.,  1877,  8.  412. 


Otto,  Udy's  Jahresber.,  Bd.  IT; 
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blood.  KbCgkb'  aud  his  papils  have  foand  that  the  blood  from  the  veoa 
lioiiitlis  i^  generally  richer  in  haemoglobin  and  solids  than  arterial  blood  ;  titill 
the  contrary  is  often  fotind.  The  blood  from  the  splenic  vein  coagu1»tee 
slowly. 

77if  filooil  from  the  Veins  of  (he  Ghmdn.  The  Mood  circnl^teB  with 
greater  rapidity  through  a  glnnd  durinfir  activity  (secretion)  ttian  when  it 
rest,  and  the  outfiowiug  venous  blood  has  therefore  diiriag  actirily  a  lighter 
red  color  and  ii  greater  amount  of  oxygen.  Because  of  the  secretion  tlie 
Tenons  bloud  aUo  becomes  somewhat  poorer  in  water  and  richer  in  solids. 

The  blood  from  the  Mtttcular  IVjjw  shows  an  opposite  behavior,  for 
'during  activity  it  is  diirker  anil  more  venous  in  its  projiertias  l>ecaMBe  of  the 
increased  Absoiption  of  oxygen  by  the  musclej  and  still  greater  produotton 
of  carbon  dioxide  than  when  ut  rest. 

A/insfruiil  Blood  ho8,  according  to  an  old  statement,  not  the  power  of 

coagulating.     This  statement  is  nevertheless  faUe,  and  the  apparent  un- 

•  coagulability  depends  in  part  on  the  womb  aud  the  vagina  retaining  the 

blood-clot,  BO  that  ordy  lliiid  eruor  iu  at  Linien  eliminated,  and  in  part  on  a 

contamination  with  vnginal  roucna  which  disturbs  the  coagnlation. 

The  Blood  of  ike  two  Sexes.  Woman's  blood  coagulates  somewhat  more 
quickly,  has  a  lower  specific  gravity,  a  greater  amount  of  water,  and  a 
smaller  quanLLty  of  solids  than  the  blood  of  man.  The  amount  of  blood- 
corpuscles  aud  hemoglobin  is  somewhat  smaller  in  woman's  blood.  The 
amount  of  bwuiuglobin  is  H*>  p.  m.  for  man's  blood  and  133  p.  m.  for 
woman's. 

During ^r9^»a»r^  Nasjjr  has  observed  a  decrease  in  the  specific  gmrity, 
with  an  increase  in  the  amount  of  water  until  the  end  of  the  eighth  month. 
From  then  the  specific  gravity  increases,  and  at  delivery  it  is  normal  again. 
The  amount  of  Hbrin  ia  somewhat  increased  (Bbcqcerel  and  UoniER, 
Nassk).  The  number  of  blood-corpnselo<f  seems  to  deoreuse.  In  regard  to 
the  amount  of  hH>mnglc.ibiu  the  stateutents  are  somewhat  contradictory. 
CoHNSTEiK*  found  the  number  of  redcorpaed.es  diminished  in  tbe  blood 
of  pregnant  sheep  as  compared  to  non-pregnant,  bat  the  red  corpascles 
were  larger,  and  the  ({uantity  of  haemoglobin  in  the  blood  w&a  greater  in  the 
first  case. 

The  Blood  at  Different  Periods  of  Life.  Foetal  blood  is  strikingly 
poorer  in  blood-corpuscles  and  bfemoglobin  than  the  blood  of  the  adult.  A 
few  honrs  after  birth  the  blooil  of  the  ohild  has  the  same  or  greater  qnantitj 
of  hemoglobin  than  the  blood  of  the  mother  (Cobxsteik  and  Zr^tz, 
Otto,  Wintebnitz).     The  quantity  of  haemoglobin  and  blood-corpuadw 


'  T.  MIddendorff,  Ccntralbl.  t.  Phy«ioI  ,  Bd.  2.  B.  753  ;  Krtlger.  1.  c. 
*  Num.  Hntjr'n  Jalirmber.,  Bd.  7  ;    Ilecquerel   aod  Uodler,  Tiait6  de  dilm.  polboi 
Paris.  18$4;-CohDit«lD,  PflQfer'i  Arch.,  Bd.  M. 


qniuLl/  iitoruases  utter  birth;  stlU  tbej  do  not  both  lacraaae  at  the  aame 
nto*  A9  tlie  mnoanc  of  haemoglobin  increases  mncb  fuler.  Two  or  ihrM 
dajM  after  birth  the  hremoglobin  reachas  a  maximiini  ('JO-'iK)^  vhich  is 
greater  than  at  any  other  period  of  life.  Tiiis  is  t}ie  cbuh  of  the  great 
abduiluftce  of  solids  in  the  blood  of  iioir-born  infanta  as  observed  by  eovoral 
invest t>:u tors.  The  quantity  of  btemoglobin  and  blood-corpasclea  sinks 
gradually  from  this  first  maximum  to  a  minimam  of  about  11;^  hwmoglobin, 
which  mitiltniim  appears  in  human  lieiugs  between  the  fourth  and  eighth 
years.  The  qnantity  of  haemoglobin  then  increasee  again  nntil  abont  the 
twentieth  year,  when  a  second  roaximam  of  13.7-15;i  is  reached.  The 
hicmoglobin  remaiua  at  this  point  only  towards  the  forty-lifth  year,  and 
then  grailually  and  slowly  decroasos  (XtEiciiTKNSTGRK,  Otto').  According 
to  older  statements,  the  blood  at  old  age  is  poorer  in  blood-corpngclos  and 
albaniinong  bodies  but  richer  in  water  and  salts.  The  more  recent  inveetl- 
gations  of  W.  8(-'Hwin(*Iv'  on  the  qnautity  of  hiemoglobin  and  tbo  namber 
ef  red  and  white  corpaaolee  in  human  beings  at  different  periods  of  life 
under  rarions  conditions,  show  that  the  quantity  of  hemoglobin  and  the 
nnniber  of  the  red  blood -rrorpiiscles  is  greatest  inimediutely  after  birth,  then 
soon  sinks  to  a  minimum,  and  then  increasen  again  as  growth  pragrei<6es. 
In  maturity  they  show  certain  periodic  Tariations  nntil  finally  towards  the 
end  of  life  tbcy  decrease  again.  The  number  of  leucocytes  on  the  contrary 
decrease  from  growth  to  maturity  bat  later  increase. 

llif  Injfttence  of  Food  on  the  Blood.  In  complete  starvation  no  decrease 
ID  the  amount  of  solid  blood  constituents  is  found  to  take  place  (Panuk 
and  others).  The  amonnt  of  hiemoglobin  is  a  little  increased  (SiiitBOTiir, 
Otto),  and  also  the  nnmber  of  red  blood -corpuscles  increases  jWoav 
MCller,  Hcxtzex),  which  probably  depemls  on  the  fact  tliat  the  blood- 
eorpusclos  ore  not  so  qnickly  transformed  as  the  serum.  In  rabbits  uud  to 
a  less  extent  in  dogs,  Popel  '  fonnd  that  complete  abatinonce  had  a  tendency 
to  increase  the  specilic  gravity  of  the  blood.  The  amount  of  fat  in  the 
blood  may  be  Homewiiat  increased  in  starvation  l>ecauae  the  fat  is  taken  np 
from   the  fat  deposits  and  carried   to   the  various  organs  bj  the  blood 

(N.  SCHUL2*). 

After  a  rich  meal  the  relative  nnmlwr  of  blood -corpuscles,  after  secretion 
of  digestive  juices  or  absorption  of  nntritive  liquids,  may  be  increased  or 


■  CoboBleui  and  Zuntz,  PDn^r's  Arcb.,  Bd.  V4  ;  Winternilz,  Zcitsclir.  f.  pltyBJol. 
Ob«in..  Bd.  23:  Lclcbicottern.  Untcnuch.  Qbcr  d«n  n&inog)ot>iQgcl)aU  dcs  BluUs, 
eic      liciiaig.  1878  ;— OtUi,  Mnlf'a  JnlirtHbcr.,  Udd.  IS  and  17. 

•  Pfla-er-i  Arch..  Bd.  78. 

'  I'»iMira.  Vircbow'i  Arch..  Bd.  29  :  Bubboiln,  Zduobr.  f.  BlologK  B<1.  ^  :  Otto,  I.e.; 
Wtinti  Hitller.  Trmosfttoion  uad  PleUiora.  CliriatlsuiK,  1875,— Bu&Lua,  ae«  Maly'a 
J&hre4tM;r..  Bd.  Oi— Popel,  Arch,  dcs  BcEeoc.  bioL  do  St.  Feteisbours.  Tome  4,  p.  a&i. 

*  Paager's  Aich..  Bd.  05. 
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dimiaiahed  (Bintzbn,  Leichtesstern).  The  nnmber  of  while  blood- 
corpaaclea  may  be  considerably  iDcreased,  after  a  diet  rich  in  proteids. 
After  a  diet  rich  in  fat  the  plasmn,  Ijocomcs,  even  after  a  abort  time,  more 
or  less  milky-whito,  like  an  omnision.  The  oonatitution  of  the  food  acta 
easeutialiy  on  the  amount  of  hatmogLobin  in  the  blood.  The  blood  of 
herbirora  is  goncraJlj  poorer  in  hwrnoglobin  tbnu  that  from  camivora,  and 
SUBBOTIIf  has  observed  Id  dogs  after  a  partial  feeding  with  food  rich  in 
oarbohjdratea  that  the  amonnt  of  htentoglobin  sank  from  the  physiological 
average  of  137.5  p.  m.  to  103.S-i)3.7  p.  in.  AcDording  to  LticnTEXSTEas 
a  gradual  incroaae  in  the  amonnt  of  hsemoglobln  is  found  to  take  place  in 
the  blood  of  hnman  beings  on  enriching  the  food,  and  according  to  the 
game  investigator  the  blood  of  lean  persona  ia  generally  aomewbat  richer  ia 
Wmoglobin  than  blood  from  fat  ones  of  the  same  age.  The  addition  of 
iron  salts  to  the  food  greatly  intliiences  the  niiinber  of  blofMl-ty^rpii soles  and 
especially  the  amoont  of  lia^moglobin  they  contain.  The  action  of  the  iron 
Baits  is  obactire.  According  to  Buxob  and  his  pupils,  they  probably  com- 
bino  with  tho  sulphnrottcd  hydru^en  of  the  intestinal  canal  and  tlicreby 
prevent  the  iron,  associated  in  the  food  as  protein  combination,  from  being 
eliminated  as  iron  sulphide.  According  to  niinierons  other  iBvesiigators, 
each  as  Wolterino,  Ki'Nkel,  MACULLfM,  W.  lUu.,  TTooHnArs,  and 
QriN'cKR  and  (Iaulg,  therapeutic  iron  is  also  absorbed  and  iauf  value  in  the 
formation  of  h»mogIobin.' 

An  increase  in  /he  number  of  rf^l  corptucU$,  a  true  "  pi-ktiiora.  rOLT- 
OYTii.r.uiCA,**  takes  place  after  transfasioD  of  blood  of  the  same  sjiecies  of 
animal.  According  to  the  obaerrationa  of  Panuii  and  Woitx  MOlleb,* 
the  blooil-licjnid  is  quickly  eliminated  and  transformed  in  thia  ciise, — the 
water  being  eliminated  principally  by  the  kidneys,  and  the  proteid  bnmed 
Into  urea,  etc., — while  the  blood-corpuscles  are  preserved  longer  and  cause  a 
*'  POLVCYTiiJiMiA."  A  relative  increase  in  the  number  of  red  corpnecle*  is 
found  after  abundant  tmnsiidations  from  the  blood,  as  in  cholera  and 
heart-failure,  with  considerable  accumulation.  An  increase  in  the  nnmber 
of  red  blood -corpuscles  has  also  been  observed  under  the  influence  of 
diminiflheil  pressure  or  in  high  altitudes.  Viault  first  called  attention  to 
the  fact  that  the  number  of  red  corpusclea  wa«  very  great  in  the  blood  of 
man  and  animala  living  in  high  regions.  According  to  liim  the  llama  has 
about  16  million  blood-corpuscles  j>er  c.mm.  By  observations  on  himself 
and  others,  as  well  as  on  auimale,  ViAUi.T  found  the  first  effect  of  sojonming 
in  high  localities  was  a  very  considerable  increase  in  the  nnmber  of  red 

>  Bunge.  Zeiuchr.  f.  phploV  Cliem.,  Bil.  9 :  niliiMTm«iiii.  Siii.,  Bd.  28,  where  ihs 
works  of  Wallerhkg.  Oaulc,  Hull,  Iluolitiuus.  nml  Qiiinvki-  are  died.  The  sane  work 
contains  a  tnblc  or  the  quanliij  of  fron  Ici  various  foods;  Kuukel,  PflOger's  Arch..  Bd. 
61  ;  Maciilliim.  Jniimnl  r.f  Ptiy«iol.,  Vol.  IB. 

■  PaoDm.  Virchtiw'a  Arcli.,  Bd.  S8:  Worm  MQtler,  1.  c. 
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oori>DKlcs,  in  his  ovru  case  5-S  mUlioaa.  A  aitniliir  iacreaso  of  th«  red 
blood- corpuscles,  as  also  an  increase  in  the  qaantity  of  lin'moglobin  under 
the  iaJluoQoe  of  diminished  preseuro,  hue  beeo  obscrred  by  many  other 
inresligatore  iq  haiuan  beings  hs  well  us  in  auimals.  The  experitnentere  are 
not  united  us  to  whether  this  iiicreHtno  iis  absolute  or  unly  relative,  caused  by 
a  ooDceiitratiou  of  the  blood  produced  by  a  withdrawal  from  the  plasma  into 
the  lyniphatica  or  by  other  conditions.' 

A  decrease  in  the  number  of  reel  corpuscles  occnre  in  aDiiMiiin  from  differ- 
ODt  caaecH.  Very  excessive  hemorrltago  caitses  an  acute  ana>miu,  or  more 
oorrectly  oligemia.  Even  during  the  hemorrhage  the  remaining  blood 
becomes  richer  tii  water  by  diniiniiilted  secretion  ntid  excretion,  as  also  by 
an  ubiindant  absorption  of  parenchymons  llnid,  HOiiiewhat  poorer  in  proteids 
and  strikingly  poorer  in  red  blood-corpuscles.  The  oUgsemia  pasaee  soon 
into  a  hydnemiu.  The  amount  of  proteid  then  gradually  increases  agaia; 
but  the  re-forniation  of  the  rod  blood-corpujoles  is  slower,  and  after  the 
hrdnemta  follows  also  au  oligocythaemia.  After  a  little  time  the  number  of 
blood -corpQscles  rises  to  normal;  but  the  re-formation  of  hemoglobin  doea 
not  keep  pace  with  the  re-forniation  of  the  corpuscles,  and  a  chlorotic  con- 
dition may  appear.  A  considerable  decreoite  in  the  number  of  red  corpusclea 
oocars  also  in  chronic  anaemia  and  chlorosis;  still  iu  such  cases  an  essential 
decrease  in  the  amount  of  lia^moglobin  occiira  withont  an  e!i!>ential  decrease 
in  the  nnmber  of  blood-corptucles.  The  decroaae  in  the  amount  of  hn>mo- 
globin  it  more  charocCeriBtic  of  chlorosis  than  a  decrease  in  the  number  of 
red  corpasolei. 

A  very  considerable  decrease  in  the  nnmbor  of  rod  corpuscles  (:i()(>,()00- 
400,000  in  I  c.mm.)  and  diminatioo  in  the  amount  of  hemoglobin  (i-^b) 
occurs  in  pernicious  uua'mia  (Uayem,  Laaciie,  und  others).  On  the 
contrary,  the  indii-iilual  red  corpuscles  are  larger  and  richer  in  hsemoglobia 
than  they  ordinarily  are,  und  tlio  number  standH  In  an  inrersa  relationship 
to  the  smoant  of  iiffimoglobiu  (Kav^ja).  Besides  this  the  red  corpciscles 
often,  but  not  always,  show  in  pernicioas  ansemia  romarkoblo  and  extraor- 
dinary irregularities  of  form  and  size,  which  Ql'ikcke  '  has  termed  jioiJ^io- 
cyhau. 

Thr  CotiijmsitioH  of  th9  Red  Corpnaclea,  Irrespective  of  the  changes  in 
the  amoonb  of  hasmoglobin,  aa  just  mentioned,  the  uompositiou  of  the  blood- 


■SeeTEault,  Compt,  reml..  Torne  111.  113,  and  IU  ;  Mttntz.  ibid..  113;  Ile^oard. 
CointH.  read.  Boc.  d«  blol..  Tome  44.  Ttie  works  of  MU'sclier  Kiid  hi*  coworkers  nre 
foiin;!  ta  "Dlu  litstocbomlfiolicii  iiDd  jiliyiJol.  Arlx'lten  voti  Krli>drirh  Hlesclicr,"  Lefp- 
tig,  IdW.  (Buuge  and)  Weiss,  Zeiiftchr.  f.  |'U;»[ol.  Otem..  IM.  22 ;  QfuMm.  Md.,  Bri. 
88:  Grawitz,  Berl.  klin.  Wwheiisclir.,  I80S ;  I,iM«wy  iitiil  Ziinei.  Pflugcr'i  Arch..  Bd. 
&S  .  SchauiaaaD  nod  ItoMUijuUt,  Zk\\9c\\t.  f.  kiiu.  Mi-d.,  1898. 

■  Lucbc,  "Die  Anftmle"  (Cbrixllania.  1888).  which  ulso  cootalos  the  litenlurei 
Qulncka,  Dcutscb.  Arcb.  f.  kUo.  M«d.,  Bdd.  30  and  35. 
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corpuscles  may  be  clmiiged  in  other  ways.  Bj  sbandant  tnnBndationg,  aa 
in  cholera,  the  blood-corpnscles  may  give  np  water,  potassium,  and  phos- 
phoric acid  to  the  concentrated  pIuBiiia  and  become  correspondinglv  richer 
in  organic  snbstanoca  (C.  Scumidt').  hy  a  few  other  transudation 
proceiiseH,  as  in  dysentery  and  clrop.ty  with  albnminuria,  a  considerable 
amount  of  proleid  passes  from  tlie  blood;  tfio  plasma  becomes  richer  in 
water,  and  the  blood-corpascles  take  np  water  and  so  become  poorer  in 
organic  substance  (C.  Srniiun). 

The  unvtber  of  ieucort/ies  may,  a&  above  mentioned,  increaBC  considerably 
nndor  physiological  conditions,  Bncb  as  after  a  meal  rich  in  proteidt 
(phyaioIogiciU  leueocyloi-iB).  Under  pathological  conditions  a  fiyperfeuco- 
cytosi'snmy  occur,  and  according  to  Via{;H(.iw  *  this  occurs  in  nil  p'itholo;:ic*l 
processes  in  which  the  lyniphntic  glnndit  Uke  piirt.  LeuruiM  lusis  occurs 
prominently  in  leacwmia,  which  is  characterized  Uy  the  very  ^Tcat  abun- 
dance of  leucocytes  in  tlic  blood.  The  mnidior  of  Iciirortytcs  is  not  only 
absolutely  increased  in  this  disease,  but  uU.t  in  proportion  to  the  number  of 
red  blood-corpnscles,  which  is  considerably  diminished  in  loucsemiii.  The 
blood  from  a  leucjuinic  patient  has  a  lower  specific  gravity  than  the  onlinarj 
(1.035-1.040)  and  u  ligliter  color,  as  if  it  were  mixed  with  pus.  The 
reaction  is  alkaline,  bnt  after  death  is  often  acid,  probably  due  to  a  decom- 
position of  the  considerably  increased  lecithin.  In  leucaemic  blood,  volatile 
fatty  acids,  lactic  ucid,  glycero- phosphoric  acid,  large  amounts  of  lanthin 
bodies,  and  the  so-called  Cuarcot's  crystals  (see  Chapter  XIII)  have  been 
found. 

The  quaniitjf  of  water  in  the  blood  is  increased  in  general  dropsy,  with 
or  without  kidney  disease,  in  different  forms  of  ansemia,  and  in  acorw. 
The  amount  of  water  is  diminished  in  abundant  transudations,  by  the 
action  of  powerfid  laxatives,  in  diarrhopa,  anil  especially  in  cholera. 

The  amonnt  of  proteiih  in  the  blood  may  be  relatively  increased 
(nYPERALBi'MiNosis)  in  cholera  and  after  the  action  of  laxativca.  A 
decrease  in  the  amount  of  protcids  (iiypalbiiminosis)  occurs  after  direct 
loss  of  proteida  from  the  blood,  as  in  hemorrbage,  albuminuria,  in  evacna- 
tioiia  rich  in  proteid  (dysentery),  copious  formation  of  pas,  anaemia,  eto-, 
etc.  The  amount  of  fbrin  is  increased  (nvpERisosis)  in  inflammatory 
diseases,  pneumonia,  acute  niuscnlar  rheumatism,  and  erysipelas,  in  which 
the  blood  yields  a  "  crcsta  phu)gI6Tica  "  becanse  it  coagulates  more 
slowly.  The  statements  in  regard  to  the  occurrence  of  a  hyperinosis  in 
BCDfTy  and  hydremia  seems  to  require  further  confirmation.  A  decrease  in 
the  amount  of  fibrio  (hypixosis)  has  not  been  observed  with  certainty  in 
any  disease. 


)  Cited  from  Uopp«-$«yler.  Physio).  Cbem.,  S.  479. 

*  Vlrcbow,  Oessmtnelle  Abliandl.  zor  wlMeDsob.  Ued.,  Bd,  t. 
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The  amount  of  fat  in  tJie  blood  (lip^mia)  incroases,  irrespective  of  tbo 
iacreufio  iifter  a  diet  rluh  in  fat,  in  drunkards,  in  corpulent  iiidivldtialii, 
uft«r  fructura  of  tlio  bones,  and  also  in  diabetes.  In  tlio  liut-mentioned 
casu  tlie  iucreuse  in  f^t  depends,  according  to  Uuppe-Sevlkk,'  upou  defec> 
tire  digestion,  v.  JAKtR'u'  has  obscrvod  volatile  fatty  acids  in  the  blood 
(lipacid.cuta)  in  febrile  difleoAOii,  leucxmia,  aud  sonietimeH  in  diabetee. 

The  amount  of  fail t  id  the  blood  is  increased  in  drops/,  dyseutery,  and 
in  cluilera  immodidtely  after  the  tiret  riotcnt  attack,  lint  diniiniiihes  later 
after  the  attack  in  cholera,  in  scarvj,  and  in  itiHammatorj  dise^isee. 
According  to  ituuACZKWSKt '  the  (jiiantity  of  chlorine  in  the  blood  is 
increased,  with  a  Bimiiltaneous  decrease  in  the  quantity  of  chlorine  in  the 
nrine  and  a  chlorine  retention  takes  place.  In  pneumonia  and  nephrites  th» 
chlorine  of  the  htood  is  diminished  with  a  simnltaueons  decrease  of  chlorine 
iu  tlie  urine.  Tiic  statements  in  regard  to  the  alkalinity  of  the  blood  in 
diieaees  are  uncertain. 

The  quantity  of  glucose  is  incraawd  in  diabetes  (mellitamia).  Hoppe^ 
Seyleh  fonnd  in  one  case  9  p.  m.  glucose  iu  the  blood.  According  to 
Clal'Lii:  Bhhnabd,*  when  the  quantity  of  glucose  in  the  blood  amounts  to 
3  p.  m.  it  panes  into  the  Drioe.  The  correctness  of  this  statement  has  been 
dispated  fur  some  time,  and  in  fact  we  do  not  know  to  what  extent  the  re- 
ducing {lower  of  the  blood  is  duo  to  the  prostince  of  other  bodies  (jecnrin). 
According  to  L£nxF.  and  Habrai.  and  KArFUAKir*  the  eaocharlfyiDg 
property  of  the  blood  is  diminished  in  diabetes.  The  quantity  of  urea  ia 
augmented  in  fevers,  also  in  increased  metabolism  of  protei'ls,  followed  by 
aa  increased  urea  formation.  A  farther  increase  in  the  amount  of  nren  in 
tile  blood  occurs  in  retarded  micturition,  as  in  cholera  as  well  as  iu  cholera 
infantum  (K.  MObkzr*),  and  in  alTections  of  the  kidneys  and  the  uriuary 
pasBi^ea.  After  a  ligature  of  the  ureters  or  after  extirpation  of  the  kidneys 
of  animals  an  Bccomulation  of  urea  takeii  place  in  the  blood,  i'rk  acid  is 
found  increu8e<l  in  the  blood  in  gout  (GAiuton,  Salomon  ');  oxalic  acid 
was  aliio  found  in  the  blood  in  the  same  disease  by  Garrod.  According  to 
V.  Jaksth  fevers  alone  do  not  lead  to  uricacxdtBmia.  Uric  acid  occurs  in 
relatively  large  quantities,  up  to  0.08  p.  m.,  in  croiipous  pueumontai 
affections  of  the  kidneys,  anaemia,  and  eepecially  such  conditions  which  lead 


>  P!i7«loI.  Chom,.  8  438. 

*  ZcitMbr.  [.  klio.  Mcil .  Bd.  11. 

*  Virebow'i  Arcb,.  II4M.  ]S9  ind  14lt. 

*  Hoppe-Seyler.  PbyaloL  Cliem..  S.  480;  Beruard,  LcfODS  sur  Ifl  dkl>dta.   Paris,  1877. 

*  Lupine  and  BsTral,  Revue  dc  mMccioe.  1803 ;  KaurmsDn.  Couipt.  rvuil.  ile  Soc. 
blol..  Tome  48. 

*  Se«  Msly'a  Jnlirribcr..  B<].  17.  B.  4£8. 

'  QarnHl,  Hcd.  Surg.  TrBDKiclloiis,  Vulfl.  31  and  87  :  Salomoa.  Zeilacbr.  f.  pbjdoL 
Chem..  Bd.  2. 
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to  the  Bjrniptoms  of  dyspDcco.  Nnclein  bases  occur  sometimea  in  rery  small 
quantities  (v.  Jaksch). 

Among  thd  foreign  bodies  which  are  found  in  the  blood  the  following 
innst  be  mentioned  here:  biuary  acids  and  biliary  piohkxts  (which 
latter  maj  occur  under  ]>hy Biological  conditions  in  a  few  varieties  of  blood) 
in  icteras;  leucin  anil  ttrosis  in  acnte  atrophy  of  the  liver;  acetos 
especially  in  ferers  (v.  Jakscu  ').  In  melaneemia,  especially  after continaone 
malarial  fecer,  black,  less  often  light  brown  or  yellowisli,  grains  of  pigment 
occur  in  the  blood,  which,  according  to  tho  gonorally  received  ojiinion, 
come  from  the  spleen.  After  poisoning  with  potassium  cITlonite,  methie* 
moglobin  is  observed  iti  liinniin  and  in  canine  blood  (Makceanu  and 
C'aus);  bnt,  on  the  contrary,  no  formation  of  niethfemoglohin  takes  place 
fn  the  blood  of  rabbits  (Stokvis  and  Kimuvser).  A  fonnation  of  methse- 
moglobin  may  be  cansed  at  the  expense  of  the  htcmoglobin  by  the  inhalation 
of  amyl  nitrite,  as  also  by  the  action  of  a  number  of  other  medicinal  bodies 
(IIayem,  Dittkicu/  and  others). 

The  quantittf  of  blood  is  indeed  somewhat  variable  in  different  Bpeoiea 
of  animals  and  in  different  conditions  of  the  body;  in  general  we  CDnsider 
the  entire  qnantitj  of  blood  in  adnlts  a«  abont  ^~^i  of  the  weight  of  the 
body,  and  in  new-born  infants  alrant  ^.  Fat  individnals  are  relatively 
poorer  in  blood  than  lean  ones.  During  inanition  the  (jnantity  of  blood 
decreases  less  quickly  than  the  weight  of  the  body  (pAyrM  *),  and  it  may 
therefore  he  also  proportionally  greater  in  starring  individuals  than  in  well- 
fed  ones. 

By  carefal  bleeding  the  quantity  of  blood  may  be  considerably  diminished 
without  any  dangeroas  symptoms.  The  loss  of  blood  to  \  of  the  normal 
quantity  has  as  sequence  no  durable  sinking  of  the  blood-prefwnre  in  the 
arteries;  while  the  smaller  arteries  accommodate  themselves  to  the  small 
quantities  of  blood  by  contracting  (Worm  Mullek  ').  A  loss  of  hlood  to  one 
third  of  the  quantity  rednces  the  blood -pressure  considerably,  and  alosa  of 
one  half  of  the  blood  in  adults  is  dangerons  to  lifo.  Tho  more  rapid  the 
bleeding  the  more  dangerous  it  is.  New-bom  infantti  are  very  sensitive  to 
loss  of  blond,  and  likewise  fat,  old,  and  weak  persons  cannot  stand  much 
loBS  of  blood.     Women  can  stand  loss  of  blood  better  tlian  men. 

The  quantity  of  blood  may  be  considerably  increased  by  the  injection  of 
blood  from  the  same  species  of  animal  (Panl'm,  Landois,  Worm  MCixer, 
Ponpick).    According  to  Worm  Muller  the  normal  quantity  of  blood  may 


'  Ueber  Acctonurieiind  IHaceturie.     Berlia,  1885, 

»  Mnrclmtid,  Virchow'8  Arch..  Bd.,  77.  and  Arch.  f.  exp.  TtXb.  u.  Pbarin..  lid.  22; 
C«bn.  iWd-,  Bd.  24  ;  Btokvls.  ibid,.  Bd.  21 ;  Kimmj»er,  eto  Mnly's  Jalirestwr. ,  Bd.  Uj 
Unyuin.  Coinpl.  rend..  Tome  lOU  ;  Ditlricb,  Arcb.  f.  cxp.  Path.  u.  Fbarm.,  Bd.  89. 

'VIrcIinw'gAreh..  lid.  39. 

*  Trau«fu&luu  uud  Plethora.     ChrlstiaDlft.  1975. 
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indeed  be  iaoreaaed  to  83<t  wiUiout  producing  auj  abnormal  conditions  or 
laatiog  high  blood -preeau re.  An  increase  of  tbe  qnantic;  of  blood  to  150% 
may  be  directly  iI&ngeronH  to  life  (Wqkm  MCi.lrk).  If  the  quantity  of 
blood  of  an  animal  io  increaKed  hy  Iraiihfat^ion  with  blood  of  the  eatne  kind 
of  ariimaU  ati  abundant  formation  of  lymph  takes  place.  The  water  ia 
excead  is  eliminated  by  the  urine;  and  as  the  proteid  of  the  blood-serum  is 
quickly  decompoeed,  while  the  red  blood-corpuHcleH  are  destroyed  much 
more  slowly  {Tschirjew,  Foester,  I'AXtiM,  Worm  3ICli.br'),  a  polycy- 
tli»mia  in  gradually  produced. 

If  blood  of  auother  kind  ii>  transfused,  then  under  certain  conditions, 
according  to  the  qiiatitity  of  blood  introduced,  more  or  leiss  menacing 
eymptoms  occur.  These  appear,  for  instance,  when  the  Mood- corpuscles 
of  the  reccifor  are  dissolved  easily  by  the  serum  of  the  introduced  blood,  as, 
for  example,  tlie  blood-cor]mscles  of  rabbits  on  tnmsfufiion  with  a  dilToreut 
kind  of  blood,  or  the  roTerse,  when  the  blood -corpuscles  of  the  trauafused 
blood  are  dissolved  by  tbe  blood  of  tbe  receiver;  for  instani'e,  when  the 
blood  of  a  dog  is  transfused  with  rabbit's  or  latidiV  bloody  or  the  blood  of  a 
man  with  lamb's  blood  (L\ki>oi»).  Before  diwolTing,  the  blooJ-corj>u»cle8 
may  unite  in  tough  agglomerated  heaps,  which  clog  np  tlio  sniallor  vessels 
(LaN'Rois).  On  the  other  hand,  the  atromata  of  the  diasolved  blood- 
corpuscles  may  also  give  rise  to  an  extensive  intravascular  coagulation, 
causing  death. 

The  tmuafasion  should  therefore  when  possible  bo  made  with  tho  blood 
of  the  same  kind  of  animal,  and  for  the  rosuHcitating  action  of  the  blooJ  it 
is  immaterial  whether  or  not  it  contains  the  Hbrin  or  the  mother-substance 
of  the  same.  The  action  of  transfused  blood  depends  on  its  blood- 
corpuscles,  and  therefore  defibrinated  blooil  acts  just  lika  non-defibrinatetl 

(?AXrM,   IjANDOIS). 

The  properly  of  blood Kcniin  of  n  certain  iipecies  of  snlinnN  of  jHsstitvJti^  nr  dcntroy- 
ixig,  tbe  blooil-corpiitcUs  of  honlber  ba*  buen  called  tbv  gMultcidtl  action  of  the  scrruni. 
Tbu  t>u<-iFriridiil  urao-cnllcJ  micTvtyir.vliil  ncUontit  ibeseruiu  staudain  clow  coiinvctliw  to 
Ihe  nboTc.  Thi-sc  ncilons  ure  coiiOL-cteJ  wiili  Uie  prcsrncc  at  ccrisia  wiaytnf  llk«  |imic!i] 
binlieii,  so-c&lled  aUxiun.  which  iirlglimte  from  the  leucocytes.  As  abown  by  IIoden. 
HAti:(,  Cauts,  ariil  Qlkt.'  blooiI-aiTuiu  acUi  ilfKCrurlivoly  cd  (.'erLalo  cazymtm,  sncli  ria 
reQuiti.  pepsia.  snd  Irypefn.  but  thU  aciioo  is,  according  lo  Hark,  Dot  cotin«clo()  with 
Uis  globulicidal  or  bsctcricidal  uclion. 

The  quantity  of  blood  in  the  different  organa  depends  essentially  on  the 
aotlvitj  of  the  same.     During  work  the  exchange  of  material  In  an  organ 

'  Pnaum,  Nord.  med.  A.rk..  Bd.  7 ;  Vtrcbow's  Arch..  Bd.  63 ;  LsndoJs.  CeniralM. 
f.  d  mcil,  Wlwwiiach.,  1875,  anil  '■  Die  TraoHfunioD  ilrs  Bliiteii,"  Leipzig.  18?5;  Wi»rm 
XillltT.  "  Tmiuifusion  uml  Plctbom'';  Ponbck.  Vlrcbow's  Arch..  Oil.  63;  Tscbirjew. 
Arlx-ircti  sua  der  PhyHii>l.  AiisiaIi  xii  M[vzig.  lS7-f.  8.  263;  Fnrsler,  ZeSlsrbr.  t.  Biologic, 
Bit.  II;  Pamim.  Virrhow's  Arrli.,  Bd.  29. 

■  Ifkt'-n.  M>«  Midy'H  Jithn-flbcr.  Bd.  17  ;  llHhu,  B«rlln.  kllu.  WoobeoKlir.,  I6&7,  No. 
U  ;  lAiiuya  siid  tilry.  Arvli.  du  Ph^iiol.  (5),  Toniu  V. 
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IB  more  actiTO  than  when  at  rest,  and  the  increased  metaboliBm  is  connected 
with  a  more  abundant  flow  of  blood.  Although  the  total  quantity  of  blood 
in  the  body  remaios  constant,  the  distribation  of  the  blood  in  the  Tariooa 
organs  may  be  different  at  difierent  times.  As  a  rule,  tbe  quantity  of  blood 
in  an  organ  can  be  an  approximate  measure  of  the  more  or  less  actire 
metaboltBm  going  on  in  the  same,  and  from  this  point  of  Tiew  the  distribu- 
tion of  the  blood  in  the  different  organs  and  gronps  of  organs  is  of  interest. 
According  to  Bakke,'  to  whom  we  are  especially  indebted  for  our  knowl- 
edge of  the  relationship  of  the  activity  of  the  organs  to  the  quantity  of 
blood  contained  therein,  of  the  total  quantity  of  blood  (in  the  rabbit)  aboat 
one  fourth  comes  to  the  muBcles  in  reet,  one  fourth  to  the  heart  and  the  Urga 
blood-Teasels,  one  fourth  to  the  liver,  and  one  fourth  to  the  other  organs. 

*  Die  BlutTerlbellung  und  der  Thatigkeitawecluel  der  Orguie.    Leiinig,  1871. 


CHAPTER   VII. 


CHYLE,   LYMPH,   TRANSlTDATIONa  AND  EXUDATIONB. 


1.  Chyle  and  Lynipli. 

The  lymph  is  the  inei]i&tj>r  in  tlie  exchan^re  of  constitnents  between  the 
blood  and  tissnee.  The  I>o(ijc0  necessary  for  the  nutrition  of  the  tissued 
pass  from  the  blnoil  into  the  lymph,  and  the  tissues  deliver  water,  salt*,  and 
productd  of  metabolism  to  the  lymph.  The  lymph  therefore  originate* 
partly  from  the  hlooil  and  partly  from  the  tisaues.  From  a  purely  theoreti- 
cal standpoint  ve  can,  according  to  riKiPENiiAlN,  difTerentiate  between 
blood-lymph  and  iiBsne-lymph  nctronling  tr>  origin.  It  is  impoiu<ihl«  at  the 
present  time  to  completely  separate  what  one  or  the  other  soiirce  supplies. 
Chemically  the  lymph  is  the  same  as  plasma  and  contains,  at  least  to  a  great 
extent,  thu  same  bodies  The  oWrvatiou  of  A.^tier  and  Barhkra,'  that 
the  lymph  contains  poisonous  metabolic  products,  does  not  contradict  soch 
an  assumption,  as  no  doubt  these  products  are  transferred  to  the  blood  with 
the  lymph.  Although  the  blood  does  not  show  the  same  poisonous  notion 
as  the  lymph,  still  this  can  be  explained  by  the  great  dilation  these  bodies 
undergo  in  the  blood,  ^nd  the  diJTerence  between  blood-plasma  and  lymph  is 
no  doubt  of  a  iiuantitative  nature.  This  ditlerence  consists  chiellj  in  that 
the  lymph  is  poorer  in  proteids.  No  essential  chemical  difTeronce  has  )>een 
found  between  the  lymph  and  the  chyle  of  starring  animals.  After  fatty 
food  the  chyle  differs  from  the  lymph  in  its  wealtli  of  minutely  dividei!  fat- 
globules,  which  give  it  a  milky  appearance;  hence  the  old  name  "  lacteal 
finid." 

Chyle  and  lymph,  Itlce  the  plasma,  contain  seralbumin,  sfrglobnlin, 
fihrinogen^  and  fibrin-ferment.  The  two  laat-uieiitioued  bodies  ooonr  only 
in  very  small  amounts;  therefore  the  chyle  and  lymph  coagulate  slowly  (but 
spontaneously)  and  yield  hut  little  fibrin.  Like  other  liquids  poor  in  Obrin- 
fennent,  chyle  and  lymph  do  not  at  once  coagulate  completely,  hut  repented, 
coagulations  take  place. 

The  extractire  bodies  seem  to  be  the  same  as  in  plasma,  ^uffar  ir 
fonnd  in  about  the  same  quantity  as  in  the  blood-nerum,  but  in  larger 
qoButitiee  than   in  the  blood;  this  depends  on  the  fact   that  the  blood- 


>  Zeitschr.  f.  Blologie.  Dil.  84. 
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oorp  .bcloi  coiit&in  no  sagar.  Tlie  gft/cc^en  detected  by  Djistbe'  id  tbe 
lymph  oeci;rs  only  in  tlie  leucocytes.  Acnording  to  RShmasn  and  Bial 
Ijmpli  containa  a  diastatic  enzyme  itimilar  to  tlmt  in  l)lood-|)Iaema,  and 
Lepike*  has  found  that  the  chjie  of  a  digcBting  dog  has  great  glycolytic 
actititv.  The  amoont  of  urea  has  been  determined  by  WiitTZ*  us 
O.12-0.2S  p.  m.     The  mineral  bodies  appear  to  be  the  same  as  in  phiemii. 

As  form -el  emeu  la  kucoctftes  and  red  Hood-corpttscles  are  common  to  Loth 
chyle  and  lymph.  Chyle  in  fftsting  animals  Ima  the  appearance  of  lympli. 
After  fatty  food  it  is,  on  the  contrary,  milky,  due  jiartly  to  email  fal- 
globules,  aa  in  milk,  and  partly,  to  groatest  extent,  to  finely  divided  fat. 
The  nature  of  the  fnt  occurring  in  cliylo  is  doe  to  the  variety  existing  in 
the  food.  Tbe  disproportionately  greater  part  coneists  of  ncntrul  fat,  and 
even  after  feeding  with  large  ({iiaLtitiea  of  free  fatty  acida  Mukk  '  found 
that  the  chyle  contained  chiefly  nentral  fab  with  only  HmuJI  amounts  of  fatty 
acids  or  soapH. 

The  ffasei  of  the  chyle  have  not  been  studied,  and  it  aeems  ihat  the 
gases  of  an  entirely  normal  human  lymph  have  not  tbua  far  been  investi- 
gated. The  gttaea  from  dog-lyiupb  contain  only  traces  of  oxygen  and 
cooaiat  of  37.4-53.1;^  CO,  and  l.C^H  calculated  at  0"  C.  and  7G0  mm. 
mercury.  The  chief  mafls  of  the  carbon  dioxide  of  the  lymph  seems  to  be 
lirmly  chemically  comhined.  Comparative  analyBCB  of  blood  and  lymph 
have  shown  chat  the  lymph  contains  more  carbon  dioxide  tlian  arterial,  but 
less  than  venous,  blood.  The  tension  of  the  carbon  dioxide  of  lymph  is, 
according  to  VvlOhkh  and  Stkassuuhg,'  smaller  than  in  TcnouB,  hut  greater 
than  in  nrtcrial^  blood. 

Tbe  quantitative  composiiion  of  the  chyh  must  naturally  be  very  variable. 
The  analyses  thus  far  rrimie  refer  only  to  Uiat  mixture  of  chyle  and  lymph 
which  is  obtained  from  the  thoracic  duct.  The  specific  gravity  varies 
between  1.007  and  1.043.  As  example  of  the  composition  of  haman  chyle 
we  will  here  give  two  analyses.  The  first  is  by  Owbn-Ueks»  of  the  chyle 
of  an  esecutwl  person,  and  the  second  by  Hoi'['E-SEYLEn,*  of  the  chyle  in 
a  case  of  rupture  of  tbe  thoracic  dact.  In  tbe  latter  case  the  fibrin  bad 
previously  separated.     The  results  are  In  1000  jiarts. 


\ 


'  Coinpl.  tcikI.  de  Soe.  binl..  Toine  17,  B»d  Cotnpt.  rend  .  120;  Arcli  dfl  Physiol.  (6),  7. 

*  R<llititaDii  nitii  lliiil.  PflUger'd  Arcli.,  Bcltl.  62,  5S,  tXiA  55;  L£()ti)e,  Couipt.  rend., 
Tome  no. 

'  Coinpt.  rcuil.,  Tome  49. 

■■  Vircbow'ft  Arcli..  Da.!.  80  and  153. 

*  llainiiiarstva.  "  Din  Close  ilt-r  IIiinilDlynipbu,"  Atbeileu  aus  d.  pbysiol.  Anslalt  xu 
Leipzig.  1871  ;  SlrftMbutK.  PmiRcr's  Airb,.  Ud.  (t, 

*  Oweii-lieeB,  dtud  frgm   Uoppv-Seyler'a  Pbysiol.  Cbem.,   8.  3PS  ;    Hoppe-Sejler, 
ibid..  8.  097. 
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Kter 9(M.8  M0.73wulcr 

lld« 96.a  fld.^wlidi 

Filirin tiaoea 

AlOiiinlQ 70.8  86.67  albunila 

Fut 9.3  7.23  flit 

S.8SBoa|» 
rO.SS  tecUhIn 

RemiUning organic  bodic.      10.8  J  JJ  ^llir^ri'ilracirw 

[v.SU  wnter  extrkcilru 
a.u  A  A  ■  S^'^  soluble  wlU 

**"*• *■*  1e.85ii.wlutile»alH 

The  quantity  of  fat  is  Tory  variftblo  and  may  be  considerably  increoaed 
by  partaking  food  rich  in  fats.  I.  Mi'XK  and  A.  KosBNgTBiK'  have  iiireft- 
tigated  th«  lymph  or  chyle  ohlalried  from  a  lympli  Uetnli*  at  t}ie  end  of  tbo 
Tipper  tliini  of  the  leg  of  u  girl  18  yeiirs  oM  and  weighing  fiO  kg.,  and  the 
highest  ijiianltty  of  fut  in  tim  cliyloiis  lymph  vras  -17  p.  ni.  after  partaking 
of  fat.  In  the  starvation  lymph  from  the  same  pattept  they  found  only 
O.G-'-!.G  p.  m.  fat.  The  qnaiitity  of  soaps  vas  alvruys  snudl,  and  on  partak- 
ing of  41  gm.  fat  the  quantity  of  Boaps  wiie  ouly  about  j\  of  the  nentral 
fata. 

A  great  many  analyses  of  chyle  from  aniiualn  bave  be«u  made,  and  tliey 
chiefly  show  the  fitct  that  the  cbyle  is  a  1i<|iiid  with  a  very  changeable  com- 
poeition  tvhicli  stands  closely  relateil  to  hlooil-plasma,  bat  vith  the  chief 
difference  that  it  contains  more  fut  and  leas  solids;.  The  reader  \a  referred 
to  special  workii  for  these  aiiulysutj,  as,  for  example,  to  v.  (iOKUi''BKs.vNKZ*s 
*'  Lehrbach  der  physiologifichon  Chemio,'^  -Itli  edition. 

The  composition  of  the  lymph  is  also  very  changeable,  and  its  specitic 
gravity  shows  about  the  same  variation  as  tlie  chyle.  h\  the  following 
analyses,  1  and  2,  matle  by  UritLER  and  QfEVF.N'N'F.,  are  the  results 
obtained  from  lymph  from  the  npper  part  of  the  thigh  of  a  woman  aged  30; 
and  3,  made  by  v.  Sciieber,  U  an  aimlysis  of  lymph  from  the  sac-liko 
dilatBil  lymphatic  vesaole  of  the  a|>ermutio  cord.  No.  4  waa  made  by 
C.  SciiuiPT,*  the  data  being  obtained  from  lymph  from  the  neck  of  a  cidl. 
The  resnlta  are  in  parts  (wr  1000. 

1  3  &  4 

WiiUt 98«0  ftS-1.9  9B7.6  B5.5.4 

Snll.U 60.1  854  43.4  44.6 

Flliriu 0.5  O.S  0.4  3.8 

Almimin 43.7  4S.8  84.7  ) 

P«L.  rliolLiiteriii.  Ivcllbin 8.6  D.2             \  8S.0 

KsmciivEiKxliei {k7  4.4  ....) 

Salw 7.3  8.3  7.8  7.B 


>  VircbDw's  Arcb.,  Bd.  123. 

'  Qubterand  Qiievnniie,  cited  rmm  Hoppe-Seyler's  Pliyaliil.  Chem.,  S.  801 ;  Scbcrt* 
Gnd.,  B.  BSt ;  C.  Suliuidt.  AM..  S.  &S3. 
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Tlie  sa!ta  found  bj  C.  Scuuiux  iu  the  lymph  of  the  ]ione  hag  Ibo 

foUowiug  composition,  calculated  in  parts  per  lODU  imrts  of  the  lymph: 

Sodium  cijlorlde S.67 

Soda » 1.37 

Potush _  O.I« 

Suljiliiini:  iicul aw 

PbtMplioric  Hcid  iinitetl  with  niksllcs 0.02 

Eurtljy  i>ltuapliut«s 0.9S 

In  the  caeea  itiveetigated  by  Muxk  and  RosEKSTEnr  tho  quantity 
Bolidei  in  the  faatiag  conditioD  varied  betn-een  35.7  and  57. !3  p.  ni.  This 
varintion  waa  essentially  dependent  upon  tbe  uxteut  of  secretion,  so  that  tlie 
low  amount  colnciiles  with  a  mora  antive  secretion,  anil  the  reverse  in  the 
other  case.  The  chief  portion  of  the  solids  consisted  of  proteids,  and  the 
relatiotuhip  between  globulin  and  albiimin  was  as  1  :  '■!.4  to  4.  The  mineral 
bodies  in  1000  partB  lymph  (ehylons)  was:  XaCl  5.83;  Xa,CO,  2.17; 
KJIPO.  0.2S;  (i,(PO,),  0.S8;  Mg.Cl'O.),  0.09;  and  J''e(PO,)  0.025. 

Under  special  conditions  tlie  lynipli  pmy  be  so  rich  in  tinely  divided  fat 
that  it  appenra  like  cliyle.  Such  lynifih  liaa  bsen  inveotigated  by  Henses 
ill  a  case  of  lympU  fistula  in  a  ten-year-old  boy,  and  by  liAXrt '  in  a  case  of 
lymph  lUtnla  in  tlio  left  upper  piirt  of  the  thigh  of  a  girl  of  BOTenteen. 
Tho  Iymj>h  investigated  by  IIessek  varied  in  the  quantity  of  fat,  us  an 
ai'erage  of  nineteen  analyses,  between  2.8  and  36.!)  p.  m.,  vhite  that  inves- 
tigated by  LiAXt;  contained  t3-1.8  p.  m.  of  fat.  ^1 

Tho  quantity  of  lymph  secreted  iiiiiBt  naturally  change  conaiderabl^^ 
under  various  conditions,  and  we  have  no  means  of  measuring  it.  The 
greatnee.^  of  the  tlow  of  lymph  ia,  aa  Hgideniiai.v  '  suggests,  no  mcaenre 
of  tlie  abundance  of  supply  of  nutritive  material  to  the  organs,  and  the 
lymjih-luhes  act  according  to  him  as  **  drain-tnl^es/*  romoring  the  excess 
of  fluid  from  the  lympli-lisaares  as  soon  as  the  pressure  therein  rises  to  a 
certain  height.  Attempts  have  been  made  to  determine  the  quantity  of 
lymph  llowing  in  2-1  hours  in  the  thoracic  duct  of  animals.  Acoordiug  to 
Heii^kxhaik  the  quantity  aTerages  640  c.c.  for  a  dog  weighing  10  kitoa. 

Determi nations  of  the  quantity  of  lymph  in  man  have  also  been 
attempted.  Noel-Patox  '  obtained  1  c.c.  lymph  per  minute  from  the 
severed  thoracic  duct  of  a  patient  weighing  00  kilos.  The  quantity  in  tho 
24  hours  caanot  be  calculated  from  this  amount,  in  the  case  of  Ml'NK  and 
Kqsenstsik,  1134-1372  gm.  chyle  was  collected  in  12-13  hours  after 
partaking  of  food.  In  tlie  fasting  condition  or  after  starving  for  IH  hours 
they  found  50  to  70  gm.  per  hour,  sometimes  120  gm.  and  above,  especially 
in  the  first  few  hours  after  powerful  muscular  exercise. 

Several  circumstances  have  a  marked  influence  on  the  extent  of  lymph 


<  Hnosuii.  PllQgtr'K  Arch..  Bit.  10  ;  Luig,  «m  Haly's  JuUresbcr..  Bd.  4. 

»PtlQifcr'i».\rrIi  .  Bil.  40. 
•Jouru.  of  PLjslol.,  V«I.  U. 
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sacretion.  Poring  Btarratioii  less  lymph  is  secreteil  than  after  partaking 
of  food.  N.vsse'  has  observed  in  dogs  tlint  the  formation  of  IjDJph  is 
increase*!  3fJ^  more  after  feeding  with  meat  than  after  feeding  with 
potatoes,  and  about  M%  more  than  after  2-4  houro*  deprivation  of  food. 

An  increase  in  ttie  total  blood -pressure,  as  bv  tranefpeion  of  blood,  also 
specially  on  preventing  the  How  of  blood  bj  means  of  ligatnrcs,  caases  an 
increase  in  the  qnantity  of  lymph.  According  to  IlRuntxiiAiy,  on  the 
contrary,  a  verycooiiiderable  change  in  the  preFStire  in  the  aorta  canses  only 
a  little  change  in  tbe  ubiindauce  of  the  lymph-flow.  The  quantity  of  lymph 
may  be  raised  by  powerfnl  aclive  and  pBesive  movements  of  the  limbs 
(Lesser).  Under  the  action  of  cnrara  an  increase  of  the  lymph-Rerretion 
ia  observed  (Paschi.t]:s,  LEt?.sLK '),  and  the  qnaiiLity  of  solids  in.  the  lymph 
is  also  increased. 

lu  the  past  the  formation  of  lymph  was  explained  in  a  purely  physical 
way  by  the  nuited  action  of  liltratiou  from  the  blood  and  the  osmoua 
between  the  blood  and  tissne  fluid.  Later  nRiDRKnAix  and  Ua^dcsoke' 
ascribe  a  special  actirity  to  the  capillary  endothelium  in  that  they  take 
part  in  the  formation  of  lymph  in  a  secretory  nrauner. 

According  to  Heidekitaix  there  are  two  diftereut  means  of  inciting 
lymph-flow.  They  are  called  lymphagtiguts.  The  lymiihagognes  of  the 
first  serie* — extracts  of  cmb-muscles,  blood-leech,  anodons,  IJTer  and  intes- 
tine of  d(^,  as  well  as  peptone  and  egg  albumin-^ausc  an  increased  secre- 
tion of  lymph  withont  raising  the  blood- pressure,  and  in  lliis  wav  the 
hiood-plsfiroa  becomes  poorer  in  protetds  and  the  lymph  riclier  than  before. 
For  the  formation  of  this  lymph,  which  HEit>F.Ni[AiN  designates  blood- 
lymph,  wc  mnfit  admit  with  him  of  a  special  secretory  actirity  of  the 
capillary -wall  endotbelinm.  According  to  Stakuno,  on  the  contrary,  the 
<!onBtitation  of  the  lymph  is  dependent,  in  these  cases,  upon  an  increased 
formation  under  the  influence  of  these  bodies  of  liver-lymph,  which  is  rery 
rich  in  solids.  The  above-mentioned  lymphagogues,  according  to  him,  do 
not  excite  the  endotheliam  celts  to  secretion,  but  act  more  likely  as  u  toxic 
irritant,  which  increases  the  permeability  of  the  vascular  wall. 

The  lympbagognes  of  the  second  series,  snch  as  sugar,  nrca,  sodinci 
clUoride,  and  other  salts,  also  cause  an  abundant  lymph -formation.  Tb^ 
blood,  as  well  as  the  lymph,  therehy  liecomen  richer  in  water.  This  increased 
amount  of  water  depends,  according  to  IIeipekiiaik,  upon  an  increased 
delivery  of  water  by  the  tissne-elementB,  and  this  lymph  Is  chiefly  tissne- 

•  aied  from  Hoppc-Seyttr.  Pliyaiol.  Cliem.,  S.  iS93. 

*  Lener,  Arbelleo  aua  dcr  pbyslol.  Aoitalt  xu  Lcipilg.  Jalirgaug  S ;  Faacliiitln, 

■  HeldeDbain,  I.  c:  Damburger.  ZeitKlir.  f.  Diologie,  B<i[l.  27  aiid  SO.  Si-o  ciprrinlly 
TIecIsr'i  Beltr.  inr  patb.  u.  zur  allg.  Palhol.,  Bd.  14,  8.  448 ;  also  Ou  Bois-Ileymoud's 
Arch..  I8i»  aud  1S97. 
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lymph,  according  to  him.  Iiiffusion  is  no  doubt  of  greiit  importance  ia 
the  formation  of  this  lynipli,  bnt  the  secretory  activity  of  the  endotheliam 
it  also  of  importance  at  least  for  certain  bodiea,  such  as  gagar. 

Sereral  i lives tigatora,  among  whom  Staklimu   aad.  Cousstsih*  most< 
be  Bpecially  montionod,   contest   the   secretion    theory   and    advocate  the 
older  view.     Thia  question  ia  Btill  dieputed,  bnt  neTerthelesfl  experience 
Bhonrs  that  the  physical  forces,  filtration  and  oemosts,  are  not  alone  lufllcient 
to  explain  the  fonuatiou  of  lymph. 

II.  TransudattoiiH  and  ExudattonH. 

The  serous  nicmbrauos  arc  normally  kept  moiatenod  by  liqoids  whose 
quantity  ia  only  eul^Tlcictit  in  a  few  instances,  aa  in  tlie  pericardial  cavity 
and  the  sabarachiioidal  space,  for  a  complete  chemical  analysis  to  be  made 
of  tiicnj.  Cudcr  iliiteaited  ooriditlona  au  iiburi(hii)t  tniiiHiidHtion  mav  take 
place  frum  the  blood  into  the  seroiit)  cavities,  into  tlie  siiliciitaneous  tisanes, 
or  under  the  epidermis;  and  in  thJft  way  pathological  transndations  are 
formed.  Such  true  transiidatiouH,  which  arc  similar  to  lymph,  are 
generally  poor  in  fonn-elementa  aod  leucocytes,  and  yield  only  very  little 
or  almost  no  fibrin,  while  the  infiammatory  transudations^  the  so-called 
exudatiouB,  are  generally  rich  in  lencocytea  and  yield  proportionally  mora 
libriii.  At}  a  rule,  the  richer  a  transudation  ia  in  leucocytes  the  closer  it 
stands  to  pas,  while  when  it  has  a  diminished  quantity  of  leaoocytes  it  ia 
more  nearly  like  real  transudations  or  lymph. 

It  id  ordinarily  accepted  that  Mtratiou  ia  of  the  greatest  importance  in 
the  formation  of  trausndations  and  exudatioua.     The  facta  coincide  with 
this  view,  namely,   that  all  these  flnids  contain   the  salts  and   extraotiT». 
bodies  occurring  in  the  blood-plusnia  in  about  the  same  quantity  aa  thfri 
blood-plasma,  while  the  amount  of  proteids  is  liahitually  smaller.     Wbila 
the  different  fluids  belonging  to  this  group  have  about  the  same  quantitit 
of  aalta  and  extractive  bodies,  thoy  dilTer  from  eacli  other  chieHy  in  contain-' 
ing  diJTering  quantities  of  proioid  and  forra-elements,  aa  welt  as  varving' 
quanlittes  of  trans  formation  and  decomposition  products  of  tlieae  latter — 
changed  blood-coloring  matters,  cholesterin,  etc.,  etc. 

It  must  be  apparent  that  the  circulation  and  presanre  conditions  hava 
an  essential  influence  on  the  quantity  and  oompositioD  of  the  transudations^ 
but  their  action  has  been  little  studied;  one  thing,  however,  is  certain, 
aud  that  ia  that  the  condition,  aa  long  oa  the  vascular  wall  Is  healthy,  is 
different  from  when  the  capillary  wall  is  changed. 


'  Sti«  BUirMug,  Joiirit.  of  Piiyslol.,  VuU.  16.  17.  18.  nnti  19;  Cutinstt^in,  Vlrchow'a 
Arch.,  Bd.  135.  mod  PflQger'a  Arch.,  B<ld.  69,  &0.  63,  and  63.  See  slso  Leathe*.  Joiiroal 
of  Fbyslul.,  Vols.  18  ana  I»  :  Orkiw,  PlIQ^rr's  Arch.,  lUT.  5U  :  lAzania-Bnrlow.  Jonmiil 
of  Physiol..  Vol  19  ;  Asber  ftnd  Barbcra.  ZollKhr.  f.  Blologle.  Bil.  »6. 
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The  changed  permeabtlitr  of  tlie  capillnry  walls  in  diseaM,  m  enggestcd 
by  CoBNHEiu,'  is  k  second  imjiortaiit  factor  In  the  fonnntion  of  iraiieii- 
datiotifl.  The  circniiiBtanco  tliat  the  greatest  quantity  of  proteid  occurs 
in  tranandations  iii  iiillanimatory  processes  to  K'liich  ia  aleo  dne  tlie 
abnndont  qnantity  of  form -elements  in  snch  transudations,  has  been 
explained  by  this  bypothcsiB.  The  greater  riimntity  of  proteid  in  the 
transodations  in  formative  irritation  is  in  great  ptirt  explained  by  tlie  targo 
amonnt  of  destroyed  form-elemeDta.  The  intereating  oljserration  mode  by 
Paijkull,'  tbat  in  such  cases  in  vhich  an  iuJlanirnatory  irritation  has 
taken  place  tho  fluid  contains  niir.leoalbnmin  (or  nncteoproteida V),  while 
these  Bnbstances  do  not  occur  in  transudations  in  tbe  absence  of  inflanima- 
tory  proceases,  can  be  explained  by  tbe  presence  of  form -elements. 

As  the  secretory  importance  of  the  capillary  endothelinm  bas  been  made 
probable  by  the  investigations  of  IIeidekhaik  and  IIamiu'rger,  it  is 
a  priori  to  be  expected  that  an  abnormally  increased  secretory  activity  of  tbe 
endothelinm  is  a  thin]  caoKe  of  trannudations.  Certain  observations  of 
Hamhurcbr  in  a  ca£e  of  dropi«y,*  in  ivhicb  tbe  transudation  was  probably 
produced  by  the  lymph -exciting  action  of  a  metabolic  prodnct  formed  by  a. 
bacterium,  speak  for  tbe  correctness  of  this  assumption.  Hamuliiui^r 
therefore  considors  the  irritation  of  the  endotlielium  of  tbe  capillaries  by 
means  of  a  special  snbstance  exciting  lymph-flow  and  formed  in  disease  as 
a  third  cause  of  tbe  transudations.  The  question  whether  this  substance 
acts  in  a  secretory  manner  in  IlKTnKKTTAiN'Fi  sense  or  increaseB  the  per- 
meability in  Starltno's  sense  must  be  proved. 

The  varying  qoantities  of  proteid  observed  by  C.  Schuidt*  in  the 
tisiine-flntda  in  different  THscuIur  regions  can  jwrhaps  be  explainei]  by  the 
different  condition  of  tho  capillary  endothelium.  For  example,  the  amount 
of  proteid  in  the  pketoakdial,  plevkal,  and  peritokbai.  flcips  is  con- 
aiderably  greater  than  in  those  fluids  which  are  found  in  the  suii-ahacii- 
NoiiiAL  si'ACE,  in  tho  srncuTAKEors  Trsst'Es,  or  in  tbe  A^rKois  iiimor, 
which  are  poor  in  proteid.  Tbe  condition  of  tlie  blood  also  greatly  nffecta 
tbe  transudations,  for  in  hydnvmia  the  amount  of  proteid  in  the  transuda- 
tion is  ver}'  email.  With  the  increase  of  tho  age  of  a  transndatiou,  of  a 
hydrocele  fluid  for  instance,  the  quantity  of  proteid  Is  increased,  probably 
by  resorption  of  water,  and  inileed  exceptional  cases  may  occur  in  which 
tbe  amonnt  of  proteid,  without  any  previous  hemorrhage,  is  even  greatei 
than  in  the  blood-serum. 

Tbe  proteids  of  transndations  are  chiefly  seralbumin,  serglobulin,  and  a 
little  fibrinogen.     Albnmoscs  and  peptones  do  not  occur,  with  jterbaps  tbo 

■  Colintivtm.  VorlcsuDiceQ  Qbcr  allg.  Patb  ,  '£.  Aufl.,  P&n  1. 

*  U|watB  Lakarcfs.  KOrliKndl.,  Bil.  37.  uiid  Miily's  Jnhreabcr.,  Bd.  20. 
•SeelScgkr'sUeltrfige,  bd.  14. 

*  Cit.  from  Hopi»r.Sc>Ici  '9  PiiyaJol.  Cbem.,  n.  907. 
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cerebroepiiiiil  flnid  as  exception.  The  DDD-inilammatorr  transndationg  ilo 
not  »s  a  rule  caagiiluLe  Rpntittiiico:isly,  or  very  slowly.  On  the  adtliUoo  of 
blimd  nr  blouLl-sei'uni  they  couguUte.  Inlliimnmtory  exudations  coagulate 
spontaneonsly.  Paukcll  bos  shown  that  these  often  contain  iiticleo- 
albuRiin.  Mucoid  substances,  which  were  firat  observed  by  Hammabstex 
iQ  a  fevr  cases  of  ascites,  without  coniplication  with  ovariiil  titinors,  eeem, 
according  to  I'AUKfLL,  to  be  regalar  constitnenta  of  traneiidattons.  The 
relationship  between  globulin  aii<i  eeralbumin  rariea  very  macli  in  different 
cases,  but,  a«  lIoFrMvx>r  mid  rrrTRAin'  have  aliown,  tlie  variation  is  in 
each  case  the  same  as  tlie  blood-serom  of  tlie  individual. 

The  specific  gravity  runs  rather  parallel  with  the  quantity  of  proteid. 
The  varying  spcciiic  gravity  has  been  suggesle^l  as  a  nteana  of  differentiation 
betwoen  trans tidations  and  exudations  by  Rf.I'Bs,*  as  the  first  often  show  a 
Bpecitic  gravity  below  lOIo-lOlO,  while  the  others  have  a  specific  gravity 
of  1018  or  above.     This  rule  holds  good  in  many  bnt  not  in  all  coaei. 

The  gasss  of  the  transudations  consist  of  carbon,  dioxide  besides  small 
vmonnts  of  nitrogen  and  traces  of  oxygen.  The  tension  of  the  carbon 
dioxide  ia  greater  in  the  transiidatiotiii  than  in  Llie  blood.  When  mixed 
with  pns  the  amount  of  carbnn  dioxide  is  decreased. 

The  fxtradives  are,  as  above  statpd,  the  same  as  in  the  blood- plasma; 
bat  sometimes  extractive  bodies  occur,  such  as  aliautoin  in  dropisical  llnidi 
(MoscATEiJ.!  *),  which  Imva  not  been  detected  in  the  blood.  Urea  wtemt 
to  occur  in  very  variable  amoanta.  Su^nr  also  occurs  in  transndatione,  but 
we  do  not  know  to  what  extant  the  reduciug  power  is  dne,  as  in  blood- 
serom,  to  other  bodies.  A  reducing,  uon -fermentable  substonoo  has  been 
fonud  by  Pickarot  in  transudations.  The  sugar  ia  generally  glncoec, 
according  to  I'ickahdt,'  but  lernlose  seems  to  ocenr  in  several  cases. 
Sarcolacfic  acid  liaa  been  found  by  C.  KCtz'  in  tlie  pericanlial  fluid  froni 
oxen.  Sttccuiic  arid  has  been  found  in  a  few  cases  in  hydrocele  fluids, 
while  ill  other  cases  it  is  entirely  absent.  Leucin  and  iyrosin  have  been 
found  in  transudations  from  diseased  livers  and  in  pus-like  traasndationi 
which  have  nndorgone  decomposition.  Among  other  extractirea  fonnd  in 
tratttiudations  we  must  mention  uric  aci'd^  xantkin,  crealiny  inofit,  aud 
pt/rocafecMn  {?). 

As  above  stated,  irrespective  of  the  varying  nnmber  of  form-elements 


'  PaljkuII,  I.  c;  Hnmmarsieii,  Zctischr.  f.  phyBlol,  Chotn.,  Bd.  1ft:  Hoflmiuin,  A-rrh- 
r.  exp.  Pnth.  u,  Pliiirm..  B>I.  16  .  Pigeaud,  sea  Maly'fl  JiUiresber..  Bil.  14. 

•  Itouaa,  neuiftcl).  Arcb.  f.  kiln.  Med..  Bd.  28:  see  nlio  Otto,  Zeltacltr.  f.  HellkuoO^. 
Bd.  17. 

■  ZelTscbr.  f.  pbjtiol.  Cbem.,  Bd.  1& 

*  Berl.  kilo.  WuchviufcOir.,  1B07.     Sou   u)m  Rolauuia,  M&Lch.  med.  Wodienachr., 

isse. 

»  Zeltwb.  r.  Biulogie,  BJ.  82. 
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contained  in  the  different  tranradations,  tbe  qnantitr  of  proteid  is  ttie  mo£t 
characteristic  ehemicid  distinction  in  the  comjKisition  of  tlie  varioiin  trana- 
ndations;  therefore  a  quaDtitative  analysis  is  otiljr  nf  importance  in  so  far 
as  it  considers  the  quantity  of  prot«id.  On  this  acconnt,  in  the  following 
fjnantitatire  composition,  chief  stress  will  he  pat  on  th«  quantity  of  proteid. 
Pericardial  Sluid.  'I'ho  i^iiantity  of  this  tlnid  \a  also,  nndcr  certain 
physiological  conditions,  so  large  that  a  suHicient  qnantity  for  chemical 
inveetigatioi)  was  obtained  from  a  person  who  had  beeu  executed.  Thin 
fluid  is  lemon-yellow  in.  color,  somewhat  sticky,  and  yields  more Jiifrin  thaa 
other  transtidations.  Tho  amount  of  solids,  according  to  the  analyses  per- 
formed by  T.  fionnp-BKPASKZ,  WAPHSMrrn,  and  IIoppe-Seyler,'  ia 
37.^-44.9  p.  m.,  and  the  amount  of  proteid  is  '^i.S-ii.T  p.m.  The  aniilyaia 
mode  by  tho  ai'Tuor  of  a  fresh  pericanliul  fluid  from  a  young  man  who 
hod  been  executed  yielded  the  following  results,  calculated  in  1000  jiarts  by 
weight: 


r 


Wairr    MO.Sfl 

Solids 80.15 

(  Fibrlii 0.81 

Protelda S8.00^  Globulin t^.Wi 

/Albumin SS.34 

Soluble  JialU 8.80  jNiiCl    7.38 

lufoluble  ffilU 0.15 

Kxlrnctivc*  IhkHw 2.00 


Friend*  has  found  nearly  the  same  composition  for  a  pericardial  flnid 
from  a  horse,  with  the  exception  that  this  liqoiil  was  relatively  richer  in 
globulin.  The  ordinary  statement  that  pericardial  flnids  are  richer  ia 
fibrinogen  than  other  transudations  is  hardly  based  on  saflicient  proof.  In 
a  case  of  chylopericardium,  which  was  probably  due  to  the  rupti^re  of  a 
chytas  vessel  or  caused  by  a  cHpillary  exudation  of  chyle  because  of 
stopimfre,  Harfbrokk  '  fonnd  in  10i)0  parts  of  the  analyzed  fltiid  103.61 
parts  solids,  73.71J  albnminons  bodies,  10.77  fat,  3.3-1  oholesterin,  1.77 
lecitfaio,  and  Q.31  salts. 

The  plenral  fluid  oociirs  under  physiological  condiLions  in  such  small 
qaantities  that  a  chemical  analysis  of  the  same  cannot  be  made.  Under 
pathological  conditions  this  flnid  may  show  very  variable  properties.  In 
certain  casee  it  is  nearly  serous,  in  others  again  sero-libnnoos,  and  in  others 
similar  to  pus.  There  is  a  corresponding  variation  in  the  speciflc  gravity 
and  the  properties  in  general.  If  a  pna-like  exudation  is  kept  closed  for  a 
long  time  in  the  pleural  cavity,  a  more  or  leas  complete  maceration  and 
■elntton  of  the  pns-corpasoles  is  fonnd  to  take  place.    The  ejected  yellowiah- 

■  V.  Gorap-BeM&tt.   Lehrbucb  d.  physlot.  Cbcm..   4.  AuO..  S.  401  ;  Waobaatutli, 
Vlrcbuw's  Art^b.,  BO.  7  :  HopiMsScyU-r.  PLyHioL  Cbcm..  H.  005. 

*  Halliburtoa.  Text-book  of  Cbem.  Pbyftiol.,  etc.    Loodoa,  18dl.    P.  847. 

*  Zeilaclir.  t.  pbjrdol.  Cbem..  Bd.  13. 
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bfowQ  or  greenish  ilaid  may  then  be  as  rich  ia  Bolitls  ai  the  Llood-seramj 
aod  an  abnudant  HoccuUut  precipicate  of  a  nQclooalbuinin  (the  }>yin  of 
early  writers)  may  be  obtnined  on  the  addition  of  acetic  acid.     This  precipi- 
tate is  soluble  irith  difficulty  iu  an  exc«68  of  acetic  acid. 

Numerous  analyses,  by  many  inveatigatora/  of  the  quantitative  compofi- 
tion  of  pleural  ttnida  under  ])athological  conditions  are  at  liand.     From 
these  analyses  we  learn  that  in  hydroUiorax  the  Bpecifia  graTity  ia  lower  and 
the  quantity  of  proteid  leas  than  in  plenritis.     In  the  tint  case  the  Rpecifio. 
gravity  ia  generally  lesa   than   1015,  and  the  quantity  of   proteid  10-3o' 
p.  m.     In  acute  pleuritia  the  specific  gravity  is  generally  higher  than  10'-JO» 
and   the  qnaatity  of  proteid   :J0-65  ji.    tn.     The  quantity  of  fibrinogen, 
which  in  hydrothorax  ia  aboot  0.1  p.m.,  may  amonnt  to  more  than  1  p.  m. 
in  plenritis.     In  pleurisy  with  an  abundant  gathering  of  pus  the  specifio 
gravity  may  rise  even  to  1030,  according  to  the  observations  of  the  AfTnott, 
TJie  quantity  of  solids  is  often  0O-70  p.  ni.,  and  may  he  even  more  than' 
90-100  p.  m.  (authok).     Mncoid  subatances  hare  also  been  detected  ia 
]>Ieural  fhiidn  by  Paijkdli..     Coaea  of  chyloua  pleurisy  are  also  known;  hi 
anch  a  case  Mkiil*  *  fonnd  17.93  p.  m.  fat  and  cljolesterin  in  the  fluid. 

The  quantity  of  peritoneal  fluid  is  very  small  under  physiological  oondi- 
tioDB.  The  investigations  refer  oidy  to  the  Huid  under  diseased  condition* 
(dropsical  or  ascitic  Jluid).  The  color,  trauspareuoy,  and  oonsistencv  of 
these  may  vary  greatly. 

In  cachectic  conditions  or  a  liydrsemic  condition  of  the  bloorl  the  ftnid 
fafts  little  color,  is  itiilky,  opalencont,  watery,  does  not  coagulate  apon- 
taueoiifily,  haa  a  very  low  specific  gravity,  1005-1010-1015,  and  ia  nearly 
free  from  form-elements.  The  ascitic  fluid  in  portal  stagnation,  or, 
generally  iu  venous  Btagnation,  hna  a  low  specific  gravity  and  ordinarily  l< 
than  20  p.  m.  proteid,  although  iu  certain  cases  the  qnantity  of  proteid] 
may  rise  to  35  p.  m.  In  carcinomatous  peritonitis  it  may  have  a  cloudy, 
dirty-gray  appearance,  dne  to  its  richness  in  fonn-eleitients  of  various  kinds. 
The  specifio  gravity  ia  then  higher,  the  quantity  of  solids  greater,  and  it 
often  coagulates  apoutaneously.  In  inflammatory  processes  it  is  straw-  or 
lemon-yellow  in  color,  somewhat  clondy  or  reddish^  duo  to  loucocytes  and 
red  blood -corpuscles,  and  from  great  richness  in  leucocytes  it  may  apppeari 
more  like  pus.  It  coagnlates  apontaiLeoiisly  and  may  be  relatively  richer  in 
Bolida.  It  contains  regularly  30  p.  m.  or  more  proteid  (although  exceptions 
with  less  proteid  occur),  and  may  have  a  apocific  gravity  of  1.030  or  above. 
By  rupture  of  a  chylous  vessel  the  dropsical  fluid  may  be  rich  in  very  finely 
emulsitied  fat  (chylous  ascites).     In  such  caaes  3.86-10.30  p.  m.  fat  hat 

'  S?e  tli«  works  or  Aleliii,  Ituuvlicrg,  P.  HuJTuiatin,  Rviiss,  Ncucuklrcben,  all  of 
wliicli  »i-e  cUcd  Iu  Bciubcim's  pnpcr  in  Vircliow's  Arch..  Bd.  181,  S.  274.  See  also 
PftljIciLlI,  ).  c,  uikI  Hrilliburloira 'I'cxt-tiuub.  p.  S46. 

*  Arch.  get),  dc  mjtl..  1889.  Tome  3.  cited  from  Hal/'s  Jahrciber..  Bd.  19. 
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been  fonnd  ia  the  dropsical  flnid  (Guikochbt,  Hat'),  and  even  17-43 
p.  m.  lias  been  found  by  JIixkovvpki.  By  admixtnre  of  tliis  floid  with 
the  fluid  from  an  ovarian  cyst  it  niay  sometimes  contain  psHudonmrin  (see 
Chapter  XIII).  We  also  have  cases  in  trhich  the  ascitical  fluid  contaios 
niacoida  wliich  may  be  precipitHted  by  alcohol  ufter  removal  of  the  proteida 
by  coagulation  at  boiling  temperature.  Siicli  subBtances,  which  yield  a 
redacing  anbetance  on  boiling  with  acids,  hare  been  found  by  the  Arriion  in 
toberciilous  peritonitis  and  in  cirrhosis  hcpatis  syphilitica  in  men.  Accord- 
ing to  tlie  investigationa  of  Paukull*  tlieaoBubsiances  aeeni  to  occur  of  tea 
and  perhaps  habitnallj  in  the  ascitic  flDida. 

As  the  quantity  of  proteid  in  ascitic  fluids  is  dependent  opon  the  same 
circamstancee  as  in  other  transndationa  uud  exudations,  it  is  sttfticient  to 
gire  the  following  example  of  the  composition,  taken  from  BEBKiiBiM's^ 
treatise.     The  reealts  are  expressed  in  1000  parts  of  the  flnid : 

CirrhoMsof  Itie  Hrer. M.fi  5.6  8.69—  21.00 

Brighl-a  fItaMWK 16.11  10.10  a.6    —  11)  8« 

Tuberculous  Hnd  idiopttibfc  perltoolllt Od.tl  18.72  80.7   —  MT  dS 

Cnrciui>mati>uH  |)L-iitouitis 84.30  27.00  35.1    —  TiH.dB 

Vrfa  liHS  also  been  fonoil  Jn  ascitiail  fluids,  tometlires  only  m  ttArc^,  er>[netiiiie.t  iti 
larger  (itintitillc&  <4  p.  m.  in  alhiimtnutla),  nlnn  tirir.  ttrid,  uUuutoin  in  ciirlinsls  of  the 
liTer  (MoaCATXLU),  X4inlMn.  fre-atin,  ehoitsterin,  nod  m(/ar. 

Hydrocele  and  Spermatocele  Fluids.  These  flLiids  differ  from  each  other 
in  various  ways.  Tlio  hydrocele  fluids  are  generally  colored  light  or  darker 
yellow,  sometimes  bromjish  with  a  shade  of  green.  They  have  a  relatively- 
higher  specific  gravity,  1.01*1-1.020,  with  a  Tariable  but  generally  higher 
amonnt  of  solids,  an  average  of  tin  p.  m.  They  sometimes  roagiilate 
Bpontaneonsly,  sometimes  only  after  the  addition  of  fibrin-ferment  or  blood. 
They  contain  Ipucorytes  as  chief  form -el  em  en  ta.  Sometimes  they  contain 
imaller  or  larger  amounts  of  ckolfjiterin  crystah. 

The  spermatocele  flnids,  on  the  contrary,  are  ss  a  rnle  colorlesi,  thin, 
cloudy  like  water  mixwi  with  milk.  They  somotimes  have  an  acid  renction. 
They  bnve  a  lower  s|wcific  gravity,  l.OOfi-l.OlO,  a  lower  amonnt  of  flolid." — 
an  average  of  aboat  13  p.  m., — and  do  not  coagulate  either  spontaneously 
or  after  the  addition  of  blood.  They  are,  as  a  rnle,  poor  in  proteid  and 
contain  itjterrnntozoa,  eell-di'triius,  and  ftit-ghhtJes or  form-oonstitneuts.  To 
show  the  nneqnal  composition  of  these  two  kind^  of  fluids  we  will  give  the 
average  reanlts  (calculated  in  parte  per  1000  parts  of  the  fluid)  of  1? 


*  Ouinocbi-t.  SOS  Btrauu,  Arch,  de  PLytlol.,  Tome  18.  See  Ualy's  Jshreabflr..  Bd. 
W.  8.  476. 

•L.C 

'  L.  c  Ai  It  wu  fmpoMfble  to  derive  mean  tlgurca  from  those  gtveo  by  Bemhcim, 
the  author  lias  given  above  Ibe  maiimutn  tuid  niinitnum  of  Ihc  averages  given  by  blm. 
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analyses  of  lijdrocele  fluids  and  4  of  spermatocele  fluids  made  by  Ham< 

ilABSTElf.' 

Rfdrocelp.    Spermatocele. 

Water. 938.85       98(1.83 

Solids 61.15         1317 

Fibrin  ,.. 0  59 

Globulin 13.26  0.69 

Seralbuiiiiu 86.94  1.82 

Eiber  cxinicllTe  bodies 4.03.1 

Soluble  aills 8.60  ^       10.76 

Insoluble  sails 0.66  J 

In  the  bydrocele  finid  traces  of  urea  and  a  reducine  substance  have  been  found,  and 
in  a  few  aisc-s  also  auennir  acid  nnd  tnont.  A  liydrorele  fluid  may,  nccording  to  I^til- 
LABD,*  Boinetimes  contain  paralbumin  ur  iQelalbumiu  (?),  Coses  of  cbylous  bydrocvle 
are  also  known. 

Cerebro-spinal  Fluid.  The  cerebro-spinal  flaid  is  thin,  water-clear,  of 
low  specific  gravity,  1007-1008.  The  spina  bifida  fluid  is  very  poor  in 
solids,  8-10  p.  m.,  with  ouly  0.19-1.6  p.  m.  proteid.  The  flaid  of  chronio 
iiydrocephalos  is  somewhat  richer  io  solids  (13-19  p.  m.)  and  proteida. 
According  to  IlALLiBtJRTON  *  the  proteida  of  the  cerebro-spinal  fluid  is  a 
mixture  ot  globulin  and  alhumo$ea  ;  occasionally  some  peptone  occurs,  aod 
more  rarely,  in  special  cases,  seralbumin  appears.  Nawbatzki*  has  shown 
the  presence  of  glucose  in  the  cerebro-spinal  fluid  from  the  calf  and  man, 
and  even  in  amounts  varying  between  0.46  and  0.56  p.  m.  Halliburton's 
statement  as  to  the  occurrence  of  a  substance  similar  to  pyrocatechtn  has 
not  been  substantiated.  Nawratzki  found  988.87  p.  m.  water  and  11.13 
p.  m.  solids  in  the  cerebro-spinal  fluid  from  the  calf.  Of  the  solids  8.13 
p.m.  was  inorgaain,  0.22  p.  m.  proteid,  and  2.79  p.  m.  remaining  organic 
substaoces.  The  older  statement  that  the  cerebro-spinal  flaid  differs  from 
the  other  transudations  in  a  greater  wealth  of  potassium  salts  has  not  been 
confirmed  by  recent  investigations  of  Yvou',*  Halliburton,  and  Naw- 
ratzki. According  to  Cavazzani  *  the  cerebro-spinal  fluid  is  more  alkaline 
and  richer  in  solids  in  the  morniug  than  in  the  evening. 

Aqueoiu  Humor.  This  fluid  is  clear,  alkaline,  and  has  a  speciflc  gravity 
of  1.003-1.000.  The  amount  of  solids  is  on  an  average  13  p.  m.,  and  the 
amount  of  proteids  only  0.8-1.2  p.  m.  The  proteid  consists  of  seralbumin 
and  globulin  and  very  little  fibrinogen.  According,  to  Gruenhagen  it 
contains  paralactic  acid^  another  dextrogyrate  sabstance,  and  a  reducing 
body  which  is  not  similar  to  glucose  or  dextrin.  Fautz  ^  found  urea  and 
sugar  in  the  aqueous  humor  of  oxen. 

■  Upsula  Lftkaref.  F»rli.,  Bd.  14,  and  Maly's  Jahrasber.,  Bd.  8,  S.  847. 

*  Bull.  80C.  cliim.,  Tome  49,  p.  617. 

» Ilamburton's  Text-book.  pp.  355-361. 

*  Zeilscbr.  f.  pliysiol.  Cbera..  Bd.  23. 

*  Journ.  dc  Pbiirm.  et  de  Chim.  (4).  Tome  26. 

*  See  Maly's  Jabresber.,  Bd.  22.  S.  346. 

1  Orucuhagen,  PflQger's  Arcb. ,  Bd.  43 ;  Pautz,  Zettschr.  f.  Blologle,  Bd.  81. 


Blist«r-fliiid.  The  content  of  blisters  cansed  by  bnmB,  and  of  veeicator 
blidters  unU  the  blisters  of  tbo  pemphtfftts  chronieus,  is  gener&lly  a  fluid 
rich  in  solids  and  proteids  (4()-55  p.  in.).  This  ia  especially  true  of  the 
conl«Dt8  of  vesicAtory  bliet«rs.  In  &  burn-bligt«r  K.  MiiltNKH  '  found  50.31 
p.  m.  proteida,  among  which  was  13.50  p.  m.  globulin  and  0.11  p.  m. 
fibrin.  The  fluid  contains  a  substance  which  reduces  cupper  oxido  bat  no 
pyrocatechin.     Tlio  fluid  of  the  pemphigus  is  alkaline  in  reaction. 

The  fluid  of  labcntaneoiift  cedema.  This  is,  as  a  rul«,  very  poor  in 
solids,  purely  serous,  does  not  contain  librinogeu,  and  has  a  specific  gravity 
of  1.005-1.013.  The  quantity  of  proteids  is  in  most  ca8e8  lower  than  10 
p.  ni., — uccording  to  IIofpm.\S'N  1-8  p.  ui., — and  in  serious  affections  of 
tbo  kidneys,  generally  with  amyloid  degeneratioo,  less  than  I  p.  m.  baa 
been  shown  (Uuffuank*).  The  oedema  fluid  also  habitually  containt 
nrm,  1-2  p.  in.,  and  also  xugar. 

Tlie  puciu  fiV  Tiir  TATKWoHM  cyst  Is  rclared  lo  lUc  imnsudmlwni  poor  In  pnnctdi. 
It  ix  tliiu  nnil  colorlew.  unit  btut  a  iixx-ilic  ijnivity  of  I.OO'V-l.Olu.  Tlie  quanlilj'  of  Mlida 
ti  14-20  p.  m.  Tbv  cbunilcnl  coUHtftUL-urs  nre  migur  CJ  5  [)  ni.).  inoMt,  lraet>«of  nrm, 
crfitin.  yiftrif't'T  'iritK  and  ulls  (8.3-9.7  p.  in.>.  Protelilit  nrc  nnlv  found  In  ImceM,  tia<l 
ibcn  (inly  Bflvr  nu  inllammalory  IrHlHtloa.  lu  ILc  luAl-mciiliotit-d  aufu  T.  p.  tii.  prulciiln 
have  been  Tound  ia  the  duiil. 

The  Synovial  Fluid  and  Fluid  in  Synovial  Cavities  around  Joints,  etc. 
The  synovia  is  hardly  a  traustidation,  but  it  ii  often  Iruated  as  an  appendix 
to  the  transudations. 

The  synovia  is  an  alkaline,  sticky,  fibrous,  yellowish  fluid  whicli  ia 
cloudy,  from  the  presence  of  cell-nDclei  and  remaias  of  destroyed  cells,  bnt 
ii  also  sometimes  clear.  It  contains  also,  besides  protciih  and  salts,  a  sub- 
stance  similar  to  mucin  in  physioal  proporlies.  The  nature  of  this  niiiein- 
llke  constituent  of  physiologidal  synovial  fluids  has  not  been  determined, 
Uammakstkn  has  found  a  mucin-like  substance  in  juthologJcal  synovial 
flnid,  but  it  was  not  true  mucin.  It  actM  like  a  iiii<-lei^all>inniu  or  &. 
uucleoproteid,  and  gave  no  reducing  substance  when  boiled  with  acid. 
Salkowsk.1*  also  found  a  mnciu-like  substance  in  a  ^mthological  synovial 
Hiiid,  which  was  neither  mnoin  nor  nncleoalbamin.  Ue  called  the  sub- 
stance  **  aynovin.^^ 

The  composition  of  synovia  is  not  constant,  bat  varies  in  rest  and  in 
motion.  In  tlie  last-mentioned  case  the  i]uaiitity  of  fluid  is  less,  but  the 
Amount  of  the  niucin-hke  body,  proteids,  and  of  the  extractive  bodies  is 
greater,  while  the  quantity  of  salts  is  diminished.  This  may  bo  seen  from 
tlie  following  analyses  by  Fueuicus.*    The  figures  represent  parts  per  1000, 

■  Skuid  Arch.  f.  Phyilol..  Bd.  5. 

■  Deulwh.  .\tcX\.  f.  klii>.  Ma)  .  IM.  44. 

*  H«muianU('ii.  Mnly'a  Ju1iii-s1>rr.,  Dd.  13;  Shlkowski.  Vfrcbow's  Arck,  Bd.  181. 
-     *  WftKiier's  HandwOrterbucli.  Bil.  8.  Abtb.  1.  S.  463. 
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L  STn^rlk  from  11.  Sj-niTin  froiD 

«  tfUllfrd  Ox.  n  FieMfM  Ox. 

Wilier... IWl9fl  W8..'> 

8(jI1eIs SO.l  31.3 

Miu-in-likc  hody 2.4  6.6 

Alburnid  lUid  vxlrnctlves. 15.7  S6.I 

¥m O.fi  0.7 

8&IU II.3  9.9 

The  Bynoria  of  new-born  babes  corresponds  to  that  of  resting  aDimals. 

The  flaid  of  tbe  bnrsai  nuicosn,  as  also  the  fluid  in  the  STDorial  cavitiea 

aroand  joints,  etc.,  is  similar  to  Eynovia  from  a  qualitative  staotlpoiut. 

lit.  V\\^, 

Pas  is  a  yellowish-gray  or  yellowiah-preen,  creamy  mass  of  a  faint  oilor 
and  au  nasarory,  sweetisli  ta^te.  It  consi.sts  of  a  lliiiil,  i\\^ pus-gerum^  in 
which  Bolitl  particles,  the  ptis-znils,  awim.  Tire  number  of  these  cells  varies 
so  cotigideraltly  that  the  ptia  may  at  one  time  be  thin  and  at  another  time 
K>  thick  that  it  scarcely  contains  a  drop  of  serom.  The  spccilic  grnrity, 
therefore,  may  uIbo  greatly  vary,  namely,  between  I.U2U  and  1,040,  but 
ordinarily  it  is  1.031-1.033.  The  reaction  of  fresh  pus  is  generally  alkaline, 
hot  it  may  become  neutral  or  acid  from  a  decomposition  in  which  fattj 
aoifU,  glycero- phosphoric  aciil,  and  also  lactic  acid  are  formed.  It  may 
become  strongly  alkaline  wJien  pntrefaction  oocnrs  with  the  formation  of 
ammonia. 

In  tbe  chemical  investije^ation  of  pas  the  pas-serum  and  the  pas-corpos- 
elea  must  he  studied  tiepurately. 

PuB'semm.  Pus  does  not  coagulate  spontaneonsly  nor  after  tbe  addition 
of  delibrioated  blood.  Tbe  Huid  in  which  the  pns-corpascles  are  snspended 
is  not  to  be  compared  with  the  plasma,  but  ratlier  with  the  sentm.  The 
pns-serum  is  pale  yellow,  yellowish  ^een,  or  brownish  yellow,  and  has  an 
alkaline  reaction.  It  contains,  for  the  most  part,  the  same  constitaenta  as 
thi;  blood-seruiii;  but  sometimes  besides  these — when,  for  iuatance,  the  pus 
has  remained  in  the  body  for  a  long  time — it  contains  a  nncleoalbumin  or  a 
nncteoproteid  which  ia  precipitated  by  acetic  acid  and  solnble  with  gr«at 
difliculty  in  an  excess  of  the  acid  {pyin  of  the  older  aathors).  This  nncleo- 
albumin seems  to  be  formed  from  the  hyaline  inbBtauce  of  the  pus^cells  by 
maceration.  The  pns-aernm  contains,  moreoTor,  at  least  in  many  cases,  no 
fibrin-ferment.     According  to  the  analyaea  of   Hoppe-Seyi-eh  '  the  pos- 

serum  contains  iu  1000  parts: 

I.  n. 

Wmter 013.7  g05.«S 

&uli(ls 86.3  M.a5 

Pmtelils 63  38  77.11 

LeciOiiD 1.50  0.S6 

F^a 0,38  0.89 

Cli..I«sierin 0.58  0.87 

Alcohol  extractives 1.53  0.73 

Wuter  extrni^ilres 11.58  6.93 

Inorganic  ulu 7.78  7.77 

'  Ued..clicm.  Uolersucli..  S.  490. 


The  aab  of  pus-acnim  liu  ibe  following  composltlotj.  CE^kul&tcd  to  1000  parti  of  tbfl 
aerum: 

I.  IL 

HiCI QSS  5.89 

NmSO, O.W  0.81 

N«.BPO U.98  0.48 

Ha,CO. 0.«  1.18 

Ca^PO«>, 0.«  0.81 

Mg.ipo,), 0.19  aia 

PO.tiDcuceu) .05 

Thd  pai-coTpaoclea  are  g«n«raUy  thoof^ht  to  oonsist  in  great  part  of 
emigraiod  white  blood -corpnscloa  (emigration  hyiwtheBiB),  and  their  chemi- 
ad  j)roi>ertie8  havp  therefore  boon  given  above.  We  consider  the  molecular 
grains,  fat-globtilee,  and  red  blood-corpneclee  rather  as  casaal  form-elements. 
The  pns-cella  may  be  eeparated  from  the  serum  by  centrifngal  foree,  or 
by  decantation  directly  or  after  dllntion  with  a  solution  of  soilium  sidpliate 
in  water  (1  vol.  8atQrate<l  sodinm-flulphate  Bolntion  and  d  vols,  witer),  and 
then  washed  by  this  same  solution  in  the  same  manner  as  the  blood- 
corpuAcle*. 

The  chief  conatitnenta  of  the  pos-oorpnacTes  are  albnminoiiB  bo<lies  of 
which  the  largest  proportion  seems  to  be  a  nucleoproteid  which  is  insolable 
in  water  and  which  expands  Into  a  tough,  slimy  maae  when  treated  with  a 
14)^  common-8a!t  solution.  This  proteid  substance,  whicli  is  soluble  in 
alkali  bnt  quickly  changed  thereby,  is  called  Hutidas'^  hyaline  sub&fnnce^ 
and  the  property  of  the  pus  of  being  converted  into  a  slime-like  mass  by  & 
solntion  of  common  eiilt  depeiids  on  thio  Hiihstance.  Bei^ideri  this  snbstanco 
we  find  in  the  pns-cells  also  an  albnminons  body  which  coagulates  at 
•18— tit"  C,  u  well  as  atrglohulin  (f),  seralbumin^  a  sabstance  similar  to 
coagulated  proteid  (Mibscuek))  and  lastly  peptone  or  albamose  (Tlop* 
mfjstier'). 

i  We  also  find  in  the  protoplasm  of  the  pus-cells,  besides  the  proteids, 

Ifcithin,  choles/erin,   rnnihin   Ifotlies^  fah  and  noapn.     lIori'E-SETLEH  has 

'  fonml  ctrebrin^  a  decomposition  product  of  u  protagon-Hke  substance,  in 
pDS  (see  Chapter  XII).  Kossel  and  FKKTT.tu'  hare  isolate^l  from  pus  two 
substance*,  pyoain  and  pt/offcnin,  which  belong  to  the  cerebriu  group  (see 

^     Chapter  XII).     TIoitk-Skyi-ek'  claims  that  glycogen  apiwars  only  In  the 

I  living,  contractile  white  blood-cells  and  not  in  the  dead  pus-corpQscIes. 
Several  other  investigators  have  nevertheless  found  glycogen  in  pus.  The 
ceit-nncleus  contains  nuclcin  and  nncleoproteids. 

The  mineral  coustHuentg  of  the  pns-corpnscles  are  potassium,  sodinm, 
calcium,  magnesinm,  and  iron.  A  part  of  the  iilkaliea  exists  as  chlorides, 
and  the  remainder,  aa  well  aa  the  other  bases,  exists  as  phosphates. 

'  HIcMlier  (n  Happ«-Seyler's  Hrd.-cbem.  Uolenuch..  8.  4-II  ;  UoftneUler,  Z«llacbr. 
r,  physlol.  Cliem.Bd.-t. 

'  Jbid..  B<I.  17.  8.  4.>2. 

*  lloppcSeyler.  Pliyslol.  Cbem..  S.  T90i 
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The  quantitative  compositioa  of  the  pas-cella  from  the  aualjiN  of 
Hoppe-Seyleb  is  as  follows,  in  parts  per  1000  of  the  dried  sabstauce; 

I.  IL 

Proteida 137  63) 

Nucleln 843.57  ^68S.86        878.S9 

Insoluble  bodies 205.M  ) 

Lecithtii )    unoft  75.M 

Fat \   *"-^  75.00 

Cboiesterin 74.00  72.83 

Cerebrin 51.99  »  ,««* 

Extractive  bodies 44.88  J  *"*-°* 

UINERAL  BCBSTAKCBB  ITS  1000  TABTB  OF  THE  DRIED  SUBSTANCB. 

NaCl 4.86 

Ca,(PO,) 8.05 

Mg.iPO*), 1.J8 

PePO, 1.05 

PO4 9.16 

Na 0.68 

K. tracesC?) 

UiEBCHXH  bas  obtained  otber  results  for  the  nlknll  combiufttioDS,  oamely :  poUMlaDii 
phosphate  13,  sodium  phosphate  6.1,  earthr  phosphate  and  iron  pboephnte  4.2,  aodiam 
chloride  1.4,  and  phosphoric  acid  combineu  with  organic  Bubstances  8.14r2.(^  p.  m. 

In  pns  from  congested  absceeses  which  hare  stagnated  for  some  time  we 
find  peptotUy  leucine  and  tyrosiriy  tree  fatty  acidsy  and  volatile  fatty  addSy 
BDch  as  formic  acid,  butyric  acid,  valerianic  acid.  We  also  aomefcimes  find 
chondrin  (f)  and  gluiin  (9)^  ureay  glucoae  (in  diabetes),  bile-pigments  and 
bile-acids  (in  catarrhal  icterns). 

As  more  specific  but  not  constant  constituents  of  the  paa  we  mast 
mention  the  following:  pyin,  which  seems  to  be  a  nncleoalbnmin  or  nacleo- 
proteid  precipitable  by  acetic  acid,  and  also  pyinic  acid  and  chlorrkodinuy 
acid,  which  have  been  so  little  studied  that  they  cannot  be  more  fnlly 
treated  here. 

In  many  cases  a  blae,  less  rarely  a  green,  color  has  been  observed  in  tha 
pus.  This  depends  on  the  presence  of  a  variety  of  vibrios  (L^cke)  from 
which  FoRDOs  and  LCcke  '  have  isolated  a  crystalline  bine  pigment^ 
pyocyanirhy  and  a  yellow  pigment,  pyqxanthose. 

Appendix. 

Lymphatic  Glands,  Spleen,  etc. 

The  Lymphatic  Glands.     The  cells  of  the  lymphatic  glands  are  fonnd  to- 

contain  the  protein  substances  occurring  generally  in  cells  (Chapter  Y, 
pp.  101  and  102),  Albumoses  and  peptones  may  alsooocnr  as  producta  of  a 
post-mortem  decomposition.  Besides  the  other  ordinary  tissue  constituents, 
snch  OS  collagen,  reticulin,  elastin,  and  nnclein,  we  find  in  the  lymphatic: 
glands  also  cholesterin^  fat,  glycogen^  sarcolactic  acid,  xanthin  bodies^  and 

>  Fordos,  Compt.  rend..  Tomes  51  and  S6 ;  LCtcke,  Arcb.  f.  kiln.  Cbtmrg.,  Bd.  8. 


BPLBEN. 


199 


hucin.  Ill  the  ingtiinsl  glaoda  of  an  old  woman  Oidtuakk  '  fonnd  714.32 
p.  m.  water,  384.5  p.  tn.  oi^anic  and  I.IG  p.  m.  inorganio  BnbstaDcea. 

The  Bpleen.  The  palp  of  the  spleen  cannot  bo  freed  from  blood.  Tlie 
mass  which  is  separated  from  tlie  spleen  capsule  aiiU  the  strncturid  tiasne 
bj  pre&Riire  and  whicli  ordinarily  sen'es  as  material  for  chemical  inrestiga- 
tions  is  therefore  a  mixtnre  of  blood  and  spleen  constitnents.  For  this 
reason  the  albnminoas  bodies  of  the  spWcn  are  little  known.  As  character- 
ietic  constitoents  we  have  albuminates  containing  ir(m^  and  especially  a 
protein  substance  which  does  not  coagnlate  on  boiling,  and  which  is  pre- 
cipitated by  acetic  acid  and  yields  an  ash  oontaining  much  phosphoric  acid 
and  iron  oxide.* 

The  palp  of  the  f>p1een,  when  fresh,  has  an  alkaline  reaction,  bnt 
qnickly  tnma  acid,  dne  partly  to  the  formation  of  fred  paraiactic  acid  and 
partly  perhajw  to  gljf€ero-jiho9j)fioric  acid.  Ilesides  these  two  acids  there 
imve  been  fonnd  in  the  Epleen  also  vohitih  fatty  adds,  as  formic,  acetic, 
and  bntyric  acids,  as  well  as  succinic  acid,  neutral  fats,  cholesterin,  traces 
of  huctHt  in&sit  (in  ox-spleen),  tcyllit,  a  body  related  to  inosit  (to  the 
spleen  of  plagioetoma),  glt/roi/en  (in  dog-spleen),  uric  acid,  xnuthin  boditSy 
and  jecorin  (  Baldi  *). 

Among  tlio  constituents  of  the  spleen  the  deposit  rich  in  iron,  which 
consiats  of  ferruginous  grannies  or  conglomerate  maaRe«  of  them,  and  closely 
stndied  by  Xak.se,  h  of  Kpiicial  interest.  This  de]>oBit  does  not  occur  to 
the  same  extent  in  the  spleen  of  all  animals.  It  is  found  etipecially 
abnndant  in  the  spleen  of  the  horse.  Nak&r*  on  analyzing  the  grains 
(from  the  spleen  of  a  horse)  olitaineil  84O-030  p.  m.  organic  and  UU)-370 
p.  m.  inorganic  Biibstances.  These  last  consisted  of  660-726  p.  m.  Fe,0, , 
205-388  p.  m.  ]',0|4  Q"^'  "^^  P-  "'■  norths.  The  organic  substances  con- 
sistei)  chiefly  of  proleids  (660-ttOO  p.  m.),  noclein,  .52  p.  ni.  (igiaxinium),  a 
yellow  coloring  matter,  extractire  bodies,  fat,  cholesterin,  and  lecithin. 

In  reganl  to  the  minernl  constiluenis  it  is  to  be  obserred  that  the 
amount  of  sodium  and  phosphoric  ucid  is  smaller  than  thut  of  potassinm 
and  chlorine.  The  amount  of  iron  in  new-born  and  young  animals  is  small 
(Lapicqcb,  KkCuek,  and  PEii.Nut ).  in  adults  more  appreciable,  and  in  old 
animals  sometimes  very  considerable.  Nasrk  found  nearly  .*iO  p.  ni.  iron 
in  the  dried  pulp  of  the  spleen  of  an  old  horse.  (iriu.EUONAT  and 
Lapic(jv£*  hare  determined   the  iron   in   man.     They  find   no  regular 


'  T.  0onip-Be»5afz.  I^ehrbucl].  A.  Aufl.  9.  788. 

«  ibid.,  717. 

■  Da  Bola-Reytnond's  Arch..  1887.  Suppl. 

«  Maly's  Jabrcsber.,  Bd   19.  B,  RIV 

•  LiAptcque,  ibvl.,  Btl.  20 ,  fyiiplcqiie  arid  G»illfnionm.  Compl.  rend,  dc  Soc.  Wol., 
Tome  48,  and  Arcb.  ilu  Pb^siol.  (5),  Tome  8  ;  Krilger  nnd  Pemou,  Zcllscbr.  f.  Biologic, 
Bd.  27  \  Nasse.  cited  from  Hoppe-Seyler.  Plijalol.  Chcm..  S.  720. 
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inoreaae  with  growth,  bnt  in  most  oases  0.17-0.30  |).  in.  (after  utbtractrng 
the  blood-iron}  calculated  on  the  fresh  sabstiince.  A  remarkably  high 
amount  of  iroti  i.4  not  tlepenclent  Dpon  old  nge,  hat  is  a  residue  from 
chronic  diseuBos. 

The  quantitntiro  Analyses  of  the  hnmnn  spleen  by  Oiutmaxx  give  the 
loUowiug  results:  Iii  men  he  fonnd  T50-G94  p,  m.  wat«r  and  2oO-306 
p.  m.  solida.  In  that  of  s  woman  he  found  774.6  p.  m.  water  and  225.3 
p.  m.  solids.  Tbe  quantity  of  inorganic  bodies  was  in  men  i.d-7.4  p.  m., 
and  in  women  0.6  p.  m. 

In  regard  to  the  pathological  processes  going  on  in  the  spleen  wc  mast 
specially  recall  tlie  aliuiidEint  ro- formation  of  lencocytes  in  leuc^mia  and 
tbe  appearance  of  amyloid  substance  (see  page  4S). 

The  physiologLcid  functions  of  tbe  spleen  are  little  known  with  tlie 
eicuption  of  its  importance  in  tho  formation  of  leucocytes.  Some  consider 
the  spleen  as  an  organ  for  the  dissolution  of  tbe  red  blood -corpuscles,  and 
tbe  occurrence  of  the  abo re-mentioned  deposit  rich  in  iron  seems  to  confirm 
this  riew.  The  spleen  has  also  been  claimed  to  play  a  certain  part  in 
digestion.  This  organ  is  claimed  by  Schipf,  IIerzen,  Gachet  and 
Pachok  to  be  of  importance  in  the  prodnction  of  trypsin  in  the  pancreas. 
Tlie  statonients  on  this  ijiicstlon  aro  still  disputed  (Hkideshaik,  Kwai.ii'), 

An  increiiKC  in  the  rjiiaiitity  of  uric  acid  eliniinateii  has  been  observed 
by  many  iiiresti gators  (see  Chajiter  XV)  in  lineal  lenca^mia,  white  tbe 
reverse  has  been  observed  under  the  influence  of  quinin  in  large  doses,  which 
produces  an  enlargement  of  the  spleen.  Wo  have  bore  a  rather  jioailire 
proof  that  there  is  a  close  relationship  between  the  spleen  and  the  formation 
of  nric  acid.  This  relationship  has  lately  been  studied  by  JIukhacjiewsKI. 
Ho  has  shown  that  when  the  spleen-pulp  and  blood  of  calves  are  allowed  to 
act  on  each  other,  under  certain  conditions  and  temperatare,  in  tbe  prea* 
ence  of  air,  large  qnantitics  of  uric  acid  are  formed.  Under  other  condi- 
tions lie  obtained  from  tlie  spleon-pnlp  only  xanthiu  bodies  with  no  or  rery 
little  uric  acid.  IIorkaczewhki*  has'  also  shown  that  the  uric  acid 
originates  from  the  nucleins  of  the  spleen,  which  yield  nric  acid  and  xantbin 
bodies  according  to  the  exi>erimetitHt  cuuditions. 

The  spleen  has  the  same  pro]ierty  as  tbe  liver  of  retaining  foreign 
bodies,  metals  and  metalloids. 

The  Thymus.  Bcsidoa  protein  substances  mentioned  in  Chapter  V  and 
bodies  belonging  to  the  connective-tissue  group,  we  SnJ  smaU  qnantities  of 

*  Sclifff,  cited  by  llerzeii,  PflOgcr's  Arch.,  lid.  80,  S.  S85  and  SOS.  aod  Ualy's 
Jalircslwr.  IW.  18:  Gachvl  imil  PnHion.  Arcb.  di-  Physiol.  (5),  Tome  10;  Reide&bala 
In  Ht-'rrtiiatiu's  Hsodb.  d.  PbysloL.  Bd,  5,  Abaouclemagsvorglage,  8.  SM;  Kwald,  Ver. 
Uudl.  d.  pbyslol.  GeftellKb.  in  Berltn,  1878. 

*  MouuuUcfte  r.  Cbum.,  Ud.  10.  and  Wieo.  SltEuogsber.  Uatli.  Nat.  Kluse,  Bd.  100, 
AbtU.  Z. 
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/(■/,  leuciH,  succimc  aeid^  lactic  acid^  and  sugar,  and  tnoes  of  iodoihyrin. 
The  Inrge  quuititv  of  ranthin  bwlitv^  cLielly  adenin,  is  renisrkabJe — 1.79 
p.  ni.  iu  the  fresh  gIsDtl,  or  10,19  p.  m.  in  the  drie<3  BnhataDce  (Ko^sE^ 
and  Schixdlhb).  Liucni'Eld  baa  found  i'ro.-mV  axxA  protugon  in  the  cellf 
of  the  thymus.  The  quantitntive  compceitiou  of  the  lymphocytes  of  the 
th}tnas  of  A  calf  is,  according  to  Lii.iENi'Ki.ii'6  '  aiiatysis,  at)  follows,  The 
reaalu  are  given  iu  1000  parta  of  the  dried  aubataiice. 

Pnxelds , 17.9 

LcucoDUdela 687.9 

HisluD M,7 

Lecillifn 98.1 

Fal 40.9 

Cbolcslerin 44.0 

Olj-Cbgeti 8.0 

The  dried  snbfitance  of  tho  leucocytes  amonntcd  to  nn  average  of  114.9 
p.  m.  Potassium  and  phosphoric  acid  are  prominent  minerid  cottBtitaeats. 
LiLiEXFELD  foand  KiI,rO.  amongst  the  bodies  solable  iu  alcohol. 
OiDTMAKN  *  fonnd  807.00  p.  in.  water,  1112.74  p.  m.  organic  and  0.2  p.  m. 
inoi^anJc  substances  in  the  gland  of  a  child  two  weeks  old. 

The  Thyroid  Gland.  The  chemical  constitnents  of  this  gland  are  little 
known.  IU  itsow  has  obtained  a  protein  substance  cjilled  by  him  '*  thyrto- 
protfine^"*  by  extracting  tlie  glanti  with  commori-ealt  solntion  or  by  very 
dilute  canatio  potash.  This  body  lias  abotit  tlie  same  amount  of  nitrogen, 
but  smaller  amounts  of  carbon  and  hydrogen,  than  the  protoids  in  general. 
Tl]e  tltiid  found  in  the  vesicle  eometinies  contains  a  niudu-lH-e  tultstattct 
which  is  precipitated  by  an  excoss  of  acetic  acid.  Gouiclay  *  could  not 
find  any  niacin  bat  only  a  nacleoalbuniin  in  the  thyroid  gland  of  oxen. 
Besidea  these,  other  substances  have  "been  fonnd  in  tlie  extract  of  the 
glanda,  snch  as  Jertcin,  ranthin,  htfjniTan/hin,  iodoihyriH,  Uivtic  and  suc- 
cinic acidi.  OiDTMANN  '  found  in  the  thyroid  gland  of  an  old  woman 
832.4  p.  m.  water,  170.7  p.  m.  organic  and  0.9  p.  m.  inorganic  substances. 
He  fminil  772.1  p.  ni.  water,  223.4  p.  m.  organic  and  4.fi  p.  m.  inorganic 
snbstauccs  in  an  infant  two  weeks  old. 

R.  HuTf-HiNsoN  *  haa  determined  the  amount  of  iodine  in  the  protein 
anbstanre,  called  by  him  colloid,  obtnined  by  prfcipitating  the  wstery,  ealty 
or  faintly  alkaline  extract  of  the  thyroid  (of  sheep  or  calf)  by  acetic  acid 
and  fonnd  0.30'J;t  iodine  in  the  dried  substance.  On  digesting  this  colloid 
with  pepsin  he  obtained  a  protein-free  residue  with  3.(I1>^  iwlitie,  from 
which  iodothyrin  could  be  extracted  bj  boiling  alcohol.     Besides  this  ha 

•  KoimI  aod  Scblodler.  Z«ltKhr.  t.  phynUy].  axni..  Bd.  18:  Llllcuftld.  Aid..  Bd.  18. 

•  Cited  from  t.  Gomii-BrsuiicK,  Lrbrb.  d.  pbyslul.  C1r-ui.,  4.  Aufl.,  8.  783. 

•  Bubciow,  Zeiiscbr.  f.  pbyhlol.  Cliciu..  Bd,  6:  Gourlay.  Jourool  of  Phjtiol.,  Vol.  16. 
*L.  c.e   782. 

■  Jourul  of  Pbjridol..  Vol.  88. 
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obtained  in  Relation  an  albnmose  with  0.318,<  iodine  and  peptone,  which 
wa8  nearly  iodine-free.  Oulj  the  albumose  containing  iodine  was  fonud 
active  in  a  case  of  nijxcudema,  bnt  not  the  peptone. 

Those  Bnbstauceg  whicli  stand  in  close  relationship  to  the  fanctJotB  of 
the  gland  are  of  special  interest. 

The  complete  extirpation,  as  also  the  pathological  deHtruction,  of  Uia 
thyroid  gland  canses  great  dlstnrbances,  ending  liiiallj  in  deatli.  In  doga, 
after  the  total  extirpation  a  disturbance  of  thenerroas  and  muscnlar  system 
occurs,  aocli  as  trembling  and  cramps,  and  death  generally  supervenes  shortly 
after,  moat  ofteu  during  an  attack  of  cramps.'  In  human  beings  different 
disturbances  appear,  acicU  as  nerrons  symptoms,  diminished  intelligence, 
dryness  of  the  skin,  falling  oat  of  tlie  hair,  and,  on  the  whole,  those 
symptoms  which  are  incloded  under  the  name  cachexia  thyreopriva,  and 
death  follows  gradaally.  Among  these  symptoms  we  must  mention  the 
peculiar  slimy  iuiiltration  and  extuberance  of  the  coniicctiro  tissue.  It  Km 
been  proved  that  tlie  destructive  action  of  the  removal  of  tbo  thyroid  can 
be  conuteracted  by  the  artificial  introdnction  of  extracts  of  the  thyroid 
glaod  into  the  body,  and  even  by  feeiling  with  the  substance  of  the  gland. 
From  this  we  conclude  that  speoilically  acting  bodies  must  be  prodnoed 
in  the  thyroid  gland,  which  when  absent  bring  sboiu  in  Rome  way  or 
another  tbo  aboTe-meutioned  disturbances.  On  the  other  hand  it  has  been 
ob.serred  on  administering  too  large  quantities  of  glund  substance  that 
threatening  symptoms  and  disturbances  occur  in  man  as  well  m  in  animale. 
From  a  phyaiologioo-cheniical  standpoint  the  diseased,  incroaded  destruction 
of  body  prot^id,  occnrring  on  continuous  feeding  with  thyroid  preparations, 
is  of  the  greateflt  importance.  From  this  it  Bcome  to  follow  that  the  s|>eciGc 
constituents  of  the  gland,  when  administered  in  excess,  may  bare  an 
injurious  action. 

S.  rttANKEL'  has  isolated  a  crystalline  base  called  fhf/reott7itiforin, 
which  is  Botubte  in  alcohol  and  preci]dtable  by  potae«inni-uiercuric  iodide 
and  which  he  considers  as  the  active  body.  Urechsel  and  Kochbr* 
hare  found  two  bases  in  the  gland,  one  of  which  is  probably  identical 
witli  Kuanki'.l's  base.  ynAKKKi.'s  base  is  especially  active  against 
cramps.  According  to  Notkin'  '  the  specifically  active  substance  is  a 
protein  substance,  cidled  by  him  thyreoproUid^  while  accortling  to  Bai- 
MANX  and  Itoos*  the  only  active  body  is  ioduthyrin. 

'  Tli«  divergunt  BlAlcineDls  .'L4  to  tbe  necotsily  of  lUe  [liyruCd  gliuitl  can  lie  fouod  ia 
H.  Mtiiili.  Vii-chow-a  Arch..  Btl.  150. 

»  Ffftiik«l.  Wien.  Die.1.  Bltttlcr,  I8»5  and  tB9«. 

*  Cfulrulbl.  f.  Pliyfilol..  Bd.  B,  S.  7fl5. 

'Wieo.  mc(U  WocltcnscLir.,  ISd^.  iiiitl  Vircliow's  Arch.,  Bd.  144.  Supplciueal,  &. 
SS4. 

*  Zi'IUchr.  r.  pbytlol.  Clicin..  B^ld.  21  clikI  3'2.  nXm  Bitumaiin,  HDncli.  me<l.  Woclirii- 
tt-hr.,  I8D9^  BuiitiiaiiD  and  OoldtiiuiiOj  Uiid.;  1loc«.  iUri.    Ad  ezUsiiilTe  review  of  tLe 
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I»d«Ui7ria  or  TRTRoiODOr.    Tbii  body,  which  vrivs  dJscfirered  bv  BArxAKit  aod 

■which  occurs  (n  iLe  Ihymiia  and  also,  accoriHn>f  to  Schxjtzlkh  anci  Ewald.'  in  lti« 
liypuulij'M.'i  ceretjri.  U  a  substaoce  coiiUluiag  Ictdiue.  hitvliig  a  t.omewli«i  iliilcrciil  com- 
P0ShH>a  df|H'iHiiiig  »i>on  iis  origin.  Ito»Mt'  fniind  fi>r  Uie  lodotliyrln  from  Ilie  DiuUou 
tbyroiil  gIaii<jB  ood  from  human  thyroid  elivnilsfroin  different  regions  ibo  folluwinc:  4  :il 
and  1  ■tU-<i.58<I:a91uiidl0.4l-10.0»[N;  1.4M8:  fiH.24  nnd  BI.41>S7.04<  C.  l<tdoIhyiln 
it  Dot  a  ^roteid  body.  Ttic  vieirs  «re»amew)iatcoDiradi€iory  Id  regnrd  to  ilietiiaunet  in 
which  it  L-xifils  ill  the  gland  (Balmakk.  Blcm.  Tahracu*),  but  uqc  thing  la  sure,  und  ihnl 
la  that  ic  U  split  od  from  complex  protein  substaucc  to  the  glatid  by  the  pmtoui^i'tl  buil- 
inc  Willi  KW  sulphuric  acid. 

lodothyriii  Is  an  amorpboun,  hrown  Mibsinncc  which  swells  upon  healing  and  dc-vvlopa 
aa  odam-calliiig  th«  pyrldln  bases.  Il  1b  ne&ily  lug»lut>]e  lowaurr  uud  told  ulcuhol.  U 
dlnolvc*  with  (nfflciifiy  in  bolllog  alcohol.  Alkallp*  ilisaulre  it  retuHlv,  miil  jc  i»  pre- 
dpilated  from  tliia  solution  by  thu  addition  of  iiciit.  It  <ltx«olT(wrtlh  a  dark  brown  color 
in  concentrated  mineral  acids  aud  glacfa]  act-tic  acid.  Tiiu  acetic  acid  Mitntlon  may  he 
•trongly  diluted  with  water  without  prrclpltatli^n,  and  lids  solution  cim be  precipitated  by 
polaasjum  ferrocyanide.  picric  acid,  or  plin»phu-tUQgstic  acid.  lodolbyriu  doen  not  givs 
cither  the  Biuret  test  or  Alillon's  rcnrlion. 

lodotbyrin  is  prepared  by  boiling  ihi;  llnely  divMvd  gland  wEth  dilute  sulphuric  ncid 
(1  :  10)  for  at  least  80  hours.  Pepsin  digestion  iniiy  nlmi  be  r«»orlcd  to.  Thv  iiisoliibla 
residue,  which  oniniita  tb«  fodoftivrin,  is  cxtrnctcit  in  cither  case  with  hoiliug  tdcibol 
(9^).  Ou  Uiu  cranoratJun  uf  tlie  afcoholic  eximcl  the  residue  is  diuolved  lit  walei  with 
the  aid  of  a  Utile  alkali,  and  the  iodutliyrin  pr«clpliatr<l  by  the  addliioii  of  acid. 

According  to  Hauii.vnn  and  Koos  the  ioilothyrin  is  the  only  active  sub- 
sUtoce  of  the  tbvroid  gland,  ami  it  gives  all  the  characteristic  actions  of  the 
gland  snbetance.  According  to  them  it  lias  llie  Uierapeiifcic  action  of  the 
th^otd  pivparationB  in  goitre,  it  produces  the  characteristic  poisonous 
srniptoDis  in  large  <loite.4.  it  ia  activo  in  myxcpdcnia,  and  it  acu  like  t]ie 
gland  BtihsUnce  on  metabolism  and  proteid  destruction.  Tbia  is  denied  by 
several  other  iare8ti;;ator8,'  and  it  is  rather  generally  admitted  that  none  of 
the  thyroid  constituents  thus  far  isolated  baa  all  the  typical  actions. 
These  latter  are  the  nnited  result  of  sereral  bodies.  It  is  impossible  to 
enter  here  into  this  and  other  disputed  questions,  snch  ua  the  importance  of 
iodothyrin,  on  the  origin  and  binding  of  the  iodine  in  the  gland,  the  extent 
and  value  of  the  iodine  metaboliBm,  the  rarioas  anti-poisonous  theories, 
etc.,  etc. 

Oswald  *  has  isolated  two  protein  snbstances  from  the  thyroid  gland,  one 
of  which  has  the  character  in  tics  of  a  globulin,  being  called  ihtfreOffloiuHn, 
and  baa  the  following  composition:  0  62.31;   II  6.83;   N  16.59;  I  1.06; 


I 


iHcratnre  nn  the  action  of  Iodothyrin  and  tb«  ihjrold  preparations  can  he  fouud  iu  Ilooe, 
2«it»;hr.  f.  physiol.  Cbcni,,  Bd.  22,  B.  18.  In  regard  to  tbetr  action  lu  protciid  ilestnio 
ikin  and  metahollHin  tea  P.  Volt.  Zcilw-hr.  t.  Dlologle.  Bd.  T^ri :  SchiMidorfT,  PflUger's 
Arch.,  Bd.  87.  ami  Andcnoii  and  Bci^man.  Skaud.  Arch,  f,  I'hyaiol  ,  Bd.  8.  A  suui- 
tnary  of  the  thyroid  liu-rature  for  the  last  yoars  is  found  In  Maly's  J&breabor.,  Bdd.  24 
aod  3&. 

■  Wieu.  klin.  Wochenschr..  189A. 

f  Zeitachr.  f.  phyalol.  Chem..  Bd.  25. 

■AximanD,  1.  c:  Blum,  Mtlncb.  med.  WocbeoKhr..  1808:  Tamhacb,  ZeiUchr.  f. 
Biologic,  Bd.  30. 

«  Sec  Worroscr.  Pllllpor's  Anh..  Bd.  87  (Index  to  litcraluro),  aud  foot-note,  p.  208. 

*  ZeitMhr.  f.  physiol.  Chvm.,  Bd.  S7. 
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3  l.fiO^.  Tbifl  globnlin  is,  according  to  Oswald,  the  iodized  subsUnoeof 
the  thjrotd  gUnd,  antJ  it  has  the  specific  action  of  iodothjriD  on  the  proteid 
metabolism.  A  botljr  containing  b,'lt%  iodine  was  obtained  from  thiji 
globulin  by  pepsin  digestion.  On  boiling  with  1<^%  enlplinric  acid  Oswalo 
obtained  a  aubstance  which  ehonved  properties  similar  to  iodothjrin  and 
contained  l-l.31t:(  iodine  (iiverage).  Thi.s aubstance  is  purer  iodothyrin  tbao 
that  prepared  by  Batmakk.  The  Bocond,  les-s  aliondant  protein  snbstauce 
oconrring  in  the  tliyroid  gland  is  a  nnclenprot*id,  free  from  iodine  (with 
0.16^  P),  which  haa  no  action  on  proteid  uietnbolisni.  The  colloid  of  the 
thyroid  gland  of  the  aoatomiste  is  a  mixtare  of  thyreoglobulin  and  nncleo- 
proteid. 

In  *'»TKLiMA  cystica"  UopPE-SEyLEH  found  hardly  any  prot«id  in 
the  smaller  glandular  veaseta,  but  an  excess  of  mun'M,  while  in  the  larger 
he  found  a  great  deal  of  prittft'd,  70-80  p.  ni.'  Chnlr/iferiH  is  regolarly 
found  iu  such  cysts,  sometimes  in  such  large  quaatities  that  the  entire 
contents  form  a  thick  mass  of  cholestcriu  plates.  Crystals  of  ctilcittm 
ojohrte  also  oecnr  frequently.  The  contents  of  tlio  etrnma  cysts  are  some- 
times of  a  brown  color  due  to  decomposed  coloring  matter,  methfi'mogtobin 
(and  hiemHtiu?).  Bile-coloring  matters  Imve  also  been  found  in  such  cysts. 
(In  regard  to  i\xc  parulhumins  and  voUouh  which  haTe  been  found  la  struma 
cysta  and  colloid  degeneration,  seo  Chapter  XIII.) 

The  Suprarenal  Capsule.  Besides  proteids,  sabatances  of  the  connectiTe 
tiftstie,  and  salLa,  wu  find  in  tlie  suprarenal  cajisule  tnotil,  ptdmiHn, 
relatively  cousiderable  lecitkin^  ncurin,  and  ylycero-phMphoric  nciil.  The 
leucin  found  by  certain  experimenters  is  perhaps  only  a  decomposition 
prodact.  The  statements  as  to  the  occurrence  of  benzoic  aciil,  hippuric 
acid,  and  bile  aoids  could  not  be  substantiated  by  Stadelmank.*  In  the 
medulla  Vulpian  and  Abkold  hare  found  a  chromogen,  which  is  con- 
verted  iuto  a  red  jiignitint  by  the  action  of  air,  light,  alkalies,  iodine,  and 
other  bodies.  This  chromogon,  which  in  certain  regards  acta  like  pyro- 
catechin,  has  a  strong  reducing  action.  Uecanse  of  the  amonnt  of 
chromogen  contained  in  the  suprarenal  body,  a  counection  is  cl&imed 
between  the  abnormal  deposition  of  pigment  in  the  skin,  wliicli  is  character- 
iacio  of  Audisok's  disease,  and  the  abnormal  changes  which  often  occur  in 
the  suprarenal  body. 

N'othing  fio^itive  is  known  as  to  the  functions  of  the  snprarenal  caiisnle, 
with  the  exception  of  the  action  of  the  so-called  sphygmogenin.  It  baa 
been  shown  by  Ouver  and  Scuafes,  Cybuuski  and  Szyuonowicz  *  that 

'Pliyaiol.  Chcm..  8.  721. 

'  ZeiUclir.  f.  pliysiol.  Cliem.,  Bd.  16,  whEcli  CDutBina  tlie  Decesuiy  lllenlure. 

'  OlWer  mid  ScliAfpr,  Proceed,  (if  Physiol.  Siic.  London,  lf*9.'i.  Kimlifr  referencw 
in  Ibe  fuQctiou  of  lUe  ftupnuenal  capsule  okq  be  fouad  iu  Szymouowicz,  PdUget'ii  Arvli,. 
Bd,  64. 
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a  TEtery  extract  of  the  saprareDal  capsule  canses  an  mcreased  blood- 
preesare.  The  inTwtigatioDB  of  Moore,  S.  Frankel,  t.  Furth,*  and 
others  ahov  that  the  snbatance  hereby  active  stauda  in  a  certain  relationship 
to  the  abore-mentioned  ohromogen.  This  sabstance,  which  Frankel  calls 
sphygniogeniny  is  readily  solnble  in  water  and  also  in  alcohol.  The  sapposi- 
tion  first  saggested  by  Moore  and  then  made  probable  by  the  researches  of 
Abel  and  C&awford,  that  this  body  raising  the  increased  blood-pressnre 
is  a  pyridin  derivative,  has  receired  important  anpport  from  the  recent  inves- 
tigations of  T.  FuRTH.'  According  to  him  this  qnestionable  sabstance  is 
probably  a  diozypyridin. 

1  Moore,  Proceed,  of  Physiol.  8oc.  London,  1896  (with  Oliver  and  Schftfer),  and 
Journal  of  Physiol.,  Vol.  21 ;  8.  Frftnkel,  Wieu.  med.  Blatter,  18M  ;  v.  Furth,  Zelt* 
Bcbr.  f.  pbyslol.  Chem.,  Bd.  34.  Bee  also  Qttrber,  Sltzungsber.  der  phys.  med.  GeKllscli. 
za  WQrzbarg.  1897.  No.  4. 

■  Moore,  Joam.  of  PbyBiol.,  Vol.  21 ;  Abel  and  Crawford,  Johna  Hopkins  Hoaplttl 
£aUeUa»  18U7 ;  v.  Funh,  Zeltwhr.  C.  physiol.  Chem.,  Bd.  SO. 


CHAPTEE  Vm. 
THE   LIVER. 

The  liver,  which  is  the  largest  organ  of  the  body,  stands  in  close 
relatioDsbip  to  the  blood-forming  organs.  The  importance  of  this  oi^an 
for  the  physiological  composition  of  the  blood  is  evident  from  the  fact  that 
the  blood  coming  from  the  digestive  tract,  laden  with  absorbed  bodies,  mnst 
circulate  through  the  liver  before  it  is  driven  by  the  heart  throagh  the 
different  organs  and  tissaes.  It  has  been  proved,  at  least  for  the  carbo- 
hydrates, that  an  assimilation  of  the  absorbed  nntritive  bodies  which  are 
bronght  to  the  liver  by  the  blood  of  the  portal  vein  takes  place  in  this  organ, 
and  there  is  no  donbt  that  synthetical  processes  appear.  The  occarrenoe 
of  synthetical  processes  in  the  liver  has  been  positively  proved  by  special 
obserrations.  It  is  possible  Ihat  in  the  liver  certain  ammonia  combinations 
are  converted  into  urea  or  uric  acid  (in  birds),  while  certain  prodacts  of 
pntrefaction  in  the  intestine,  snch  as  phenol,  may  be  converted  by  synthesis 
into  ethereal  sulphuric  acids  by  the  liver  (PflOger  and  Kochs').  The 
liver  has  also  the  property  of  removing  and  retaining  heterogeneous  bodies 
from  the  blood,  and  this  is  not  only  troe  of  metallic  salts,  which  are  often 
retained  by  this  organ,  but  also,  as  Schiff,  Lautenbergeh,  Jacques, 
Heoer,  and  especially  Roger  have  shown,  the  alkaloids  are  retained  and 
are  probably  also  partially  decomposed  in  the  liver.  Toxins  are  also 
retained  by  the  liver,  and  hence  this  organ  has  a  protective  action  against 
poisons.*  The  researches  of  Bouchard,  Roger,  and  Maibet  and  Veibs  ' 
has  shown  that  the  liver  may  itself  have  a  poisonous  action. 

Even  thongh  the  liver  is  of  assimilatory  importance  and  pnrifies  the 
blood  coming  from  the  digestive  tract,  it  is  at  the  same  time  a  secretory 
organ  which  eliminates  a  specific  secretion,  the  bile,  in  the  production  of 
which  the  red  blood-corpuscles  are  destroyed,  or  at  least  one  of  their  coq- 
stituents,  the  haemoglobin.     It  is  generally  admitted  that  the  liver  acts 

'  PflQger's  Arcb,,  Bd.  20  aod  Bd.  23,  8.  169. 

*  Roger,  Aclion  du  foie  sur  Ics  poisons  (Paris,  1887),  which  also  cootslas  the  older 
lUenUiiru ;  Boucbnrd,  Lemons  sur  les  autolDtoxlcatlons  dans  les  MaltdfeB  (Paris,  1887); 
and  E  KoiUar  in  Arch,  des  sciences  biologique  de  St.  P^tersbourg,  Tome  3,  No.  4,  p. 
687. 

»  Sec  Mftiret  and  Vrles,  Arch,  de  Physiol.  (5),  Tome  9. 
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oontTftriwise  daring  fcctol  life,  at  that  time  forming  tlie  red  blood-cor- 
pnscleB. 

There  it  no  donbt  that  the  chemical  operations  going  on  in  this  organ 
are  manifold  and  mnst  be  of  the  greatest  iniportunce  for  thu  orguni^m;  but 
unfortunately  we  knov  very  little  about  the  kind  and  extent  of  these 
processes.  Among  them  are  two  principal  ones  vrhich  will  he  fiillv  treated 
in  this  chapter,  after  we  have  first  described  the  constitnenta  and  the 
chemical  compoeition  of  the  liver.  One  of  theiie  jiroo^ses  twenis  to  be  of 
an  assintilatory  nature  and  refers  to  the  formation  of  glyoogen,  while  the 
other  refers  to  the  prodnction  and  secretion  of  the  bile. 

The  reaction  of  the  liver-cell  is  alkaline  dnring  life,  bat  liecomes  acid 
after  death.  This  clionge  is  probably  duo  to  the  fonnatioii  of  lactic  acid, 
caosing  a  coagnhition  of  the  proteids  of  the  protoplasm  of  ilie  cell.  A 
positive  difference  between  the  albominons  bodies  of  the  dead  and  the 
living,  n  on -conga  la  led  protcplaeni  lias  not  be«n  observed. 

The^ro/«irf^  of  the  liver  were  firet  corefnlly  investigated  by  Pr.6sz.  Tie 
foand  in  the  watery  extract  of  the  liver  an  albuniiiious  suisiauce  which 
coagulates  at  4-  45°  C,  also  a  globulin  which  coagulates  at  +  7d°  C,  a 
micteoalbumin  which  coagnlatea  at  +  70"  C,  and  lastly  a  proteid  body 
which  is  nearly  related  to  coagulated  albumins  and  which  is  insoluble  in 
dihite  aciilii  or  alkalies  at  tlie  onlicmry  temperature,  but  dissolves  on  the 
application  of  heat,  being  converted  into  hu  aJbnminate.  IlALLfBrRTOX ' 
has  found  two  globulins  in  the  Urer-oells,  one  of  which  coagulates  at 
68-70"  C,  and  the  other  at  45-50*  C.  He  also  found,  besides  traces  of 
albumin,  a  nucleoproteid  which  containetl  1.4.j*  j)!iospliorus  and  a  coagula- 
tion-point of  00'  C.  Among  the  nucleoproteids  of  the  liver-cells  we  find 
also  glycoproteids,  which  yield  pentose  aa  cleavage  products.*  Beside* 
these  proteids,  the  liver-cells  contain  a  large  (juantity  of  a  difficultly  soluble 
protein  snbetuuce  (see  Plosz).  It  also  contains,  as  first  shown  by  St.  Zale- 
BEI  and  then  substantiated  by  several  other  investigators,  ferruginous 
proteids  of  different  kinds.  A  part  of  these  ferniginous  proteids  are,  os 
generally  admitted,  iron  ulbu  mi  nates,  in  which  the  iron  cati  lie  directly 
detected,  as  after  extraction  with  alcohol  containing  hydrochloric  acid. 
They  are  al»o  in  part  undoubtedly  nucleoproteids,  in  which  the  iron  cannot 
be  dirpctly  detectetl  ^AVoLTEUiNd,  .Si>itzkr).  A  proteid  rich  in  iron, 
obtained  by  Sciiiiiedeberu  '  by  boiling  the  liver  in  water  and  precipitating 
the  filtrate  with  tartaric  acid,  ia  called /erra/in. 

'  rioaK.  Ptiager'B  Arrb.,  Jl<l.  7  ;  IluUibiirion,  Jmira.  of  Fliyriol..  Vot.  18.  Supple- 
meal.  1803. 

*  See  Sftlkowski.  JJerl.  klin.  Wut-lii-n^vtir..  180&  ;  Uanimaratcti,  ZettacLr.  f.  pliysiol. 
CTiem.,  B.).  9;  iinil  Hlnmeiithal.  Z«tnclir.  t.  kUii.  M<-.t..  B<l.  34. 

*Sl.  Zalwki.  V^Mtchr.  r.  fiiy^lul.  Clifici.,  Bd.  10,  9.  41^0;  Woltvriii):.  Ibid..  Bd.  21  ; 
Si>ilzcr.  Paugcr'i  Arch..  W.  IT  ;  SchmiwIcbeTp.  Arch.  f.  exp.  Piilb.  u.  Pliurni..  Bd.  88. 
Bmt  «Uo  Vflj-,  Zeltaclir.  f.  jtbj-^ilMl.  Clieni.,  BU.  30. 
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The  yellow  or  brown  pigment  iif  tlie  lirer  hu  been  little  Mudied.*  Davtrx  aad 
Florkbco'  (liffereotiate  in  vertebrates  between  a  ferrufrioouB  pigment  Boluble  in  water 
imd  a  pigment  soluble  io  cbloroformand  insoluble  in  water.  Tbcy  have  not  isolated  then 
pigments  in  a  pure  condition. 

The  fat  of  the  lirer  occnra  partlj  as  very  small  globules  and  partly 
(especially  in  nnrsing  children  and  sncking  animals,  as  also  after  food  rich 
in  fat)  08  rather  large  fat-drops.  The  occurrence  of  a  fat  infiltration,  i.e., 
a  fat  transportation  in  the  liver,  may  not  ouly  be  produced  by  an  excess  of 
fat  in  the  food  (Xoel-Paton),  bnt  also  by  emigration  from  other  parts  of 
the  body  under  abnormal  conditions,  such  as  poisoniDg  with  phosphoms 
(Leo)  and  phlorhizin  (Rosekfeld*).  Rosenfeld*  has  given  a  new  series 
of  investigations  on  fatty  liver  in  phlorhizin-diabetee.  Dogs  whose  &t 
deposit  was  changed  by  prolonged  feeding  with  a  foreign  fat  (mutton-fat), 
and  hence  consisted  of  this  foreign  fat  alone,  were  poisoned  with  phlorhizin. 
It  was  strikingly  shown  that  the  fat  accnmnlated  in  the  liver  after  tiie 
poisoning  was  fat  transported  from  the  fat  deposit. 

If  the  amount  of  fat  in  the  liver  is  increased  by  an  infiltration,  the 
water  decreases  correspondingly,  while  the  qnantity  of  the  other  Bolids 
remains  little  changed.  In  fatty  degeneration  this  is  different.  In  this 
process  the  fat  is  formed  from  the  protoplasm  of  the  cell,  and  the  quantity 
of  the  other  solids  is  therefore  diminished,  while  the  amount  of  water  is  only 
slightly  changed.  To  illustrate  this  we  give  below  the  results  from  a 
normal  liver,  and  also  the  results  obtained  by  Perls*  in  fatty  degeneration 
and  fatty  infiltration.     The  results  are  in  1000  parts. 

WaiAr.  Fat.  RetnainiiiK  Sollda. 

Normalliver 770  30-85  907-196 

Fatty  degeneration 816  87  97 

Fatty  intiltrtttiou 616-631  195-240  184-145 

The  composition  of  the  liver-fat  not  only  seema  to  be  different  in  differ- 
ent animals,  bat  is  variable  under  dlfEereut  conditions.  Thus  Noel-Patoh 
found  that  the  liver-fat  in  man  and  several  animals  was  poorer  in  oleic  acid 
and  had  a  correspondingly  higher  melting-point  than  the  fat  from  the 
subcutaneous  connective  tissue,  while  Rosenfeld  *  has  observed  the  reverse 
condition  on  feeding  dogs  with  mntton-fat.  Thiemich  *  has  habitnally 
found  in  children  a  higher  iodine  equivalent  for  the  fatty  acids  from  the 
fat  of  the  liver,  as  compared  with  the  fatty  acids  from  the  subcutaneous 
fatty  tissues,  which  shows  that  the  liver-fat  is  richer  in  oleit?  acid.  From 
his  investigations,  as  well  as  from  a  comparison  of  the  food-fat  and  the  fat 

1  Arcb.  do  Physiol.  (5),  Touie  10. 

'  NoCl-Piitou,  Jouni.  of  Pbysiol..  Vol.  10;  Leo,  Zeitschr.  f.  Physiol.  Cbem.,  Bd.  9; 
Rosenfeld.  sec  Maly's  Jnhresber. ,  Bd.  25,  8.  44. 
»  Zeitschr.  f.  klin.  Med..  36. 

*Centralbl.  f.  d.  med.  Wissensch  ,  Bd.  11,  8.  101. 
»  Cited  from  Lummert,  Pflllger's  Arcb,,  Bd.  71. 
*  Zeitscbr.  f.  pbysiol,  Cbem.,  Bd.  36. 
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from  the  snbontaiieoiis  connective  tissues  vitli  the  fat  from  fattj  tiven  of 
diseased  infants,  be  haq  also  conclndeJ  that  in  the  latter  case  a  deposit  of 
fat  from  the  snbciitAneons  tluucs  takes  place,  and  not  fut  from  the  food. 

Leciihin  xa  a  iiorouil  conBtitiicnt  of  the  liver,  and  amonnts  to  about  23.5 
p.  m,  according  to  Nogi.-P^Tox.'  In  starration  the  lecithin,  occoriliiig  to 
NoEl-Patos,  foims  the  greateet  part  of  the  ethereal  extract,  while  with 
food  rich  in  fat  it,  on  the  contrary,  forma  the  Bmallest  part.  Lfiohtterin 
only  oocnrs  in  small  qiiantitiee.  The  ethereal  extract  also  contAinig  a 
protagon-like  bod j,  _/A:ori'« . 

jMOiia  wnfi  first  found  by  DitEXTiiKKL  Iei  tlio  Hvcr  of  n  horst-.  ani!  niaci  jn  Ui*  Htct  of 
adolpliin,  and  later  by  BAi-nf  in  i\\^  liver  and  spleen  r>r  nihcrr  animnh,  in  the  miiicivs  and 
blood  of  IbB  borsv,  ^nd  iu  tlip  btimjui  briiu.  It  cuuUiu»  8Ul])liur  and  pbimphoruR,  litit  lu 
cooitii tillon  ii  not  jiosltiviilv  known.  Jvcurin  diawilves  in  etber,  but  is,  precipiuitetl  frnm 
ibin  HolutioQ  bv  alci'ibol.  It  rtducci  copper  oxi^lt:.  mid  It  fcolidiDei  after  bolliug  \«'iiL 
KlkuHri  to  a  gelallnoiia  niaRs.  Manabsb*  bfta  ileli-rt«d  ^lucns«!  as  osazon  In  tbe  c«rbo- 
hydrate  complex  of  iocorin.  It  ni«y  ic-nd  lo  errors  in  llie  itive8l(g»il<ai«  of  or^aoAor 
tlnuea,  for  It  ran  easily  be  iiiUtak<;n  for  lodUiin  on  acoouut  of  its  solubiHiIcs  and  because 
ll  coutaios  pboapboru*. 

Among  the  aztractim  substnnceg  htt^6^  glycogen^  which  will  be  treated 
of  later,  we  &Dd  rather  large  quantities  of  xanihin  bodies.  KoesEi. '  foand 
in  1000  parts  of  the  dried  snlistanoe  1.9?  p.  m.  guaniH^  1.34  p.  m. 
hypoj-tinthiiit  and  l.'il  p.  m.  rnnthin.  Atifinin  is  also  contained  in  the 
liver.  In  addition  there  hare  been  found  itre<t  and  uric  acid  (especially  ia 
birds),  aitd  indeed  in  larger  qaantities  than  in  the  hlood,  paratactic  acidy 
Inm'n,  and  cytitin.  In  patholn^'ical  caae&  inofit  and  tt/roiti?i  have  been 
detected.  The  occarrence  of  bile-coloring  maittrx  in  the  Hver-cell  nnder 
normal  conditions  is  doubtful;  but  iu  retention  of  the  bile  the  cells  may 
absorb  the  coloHtig  matter  and  become  colored  therebj. 

The  mineral  bodies  of  the  liver  consist  of  phosphorio  acid,  potassinm, 
Bodiam,  alkaline  earths,  and  chlorine.  The  potoasinm  ia  in  excess  of  the 
wJiuin.  Iron  is  a  regultir  constituent  of  the  liver,  but  it  sclents  tn  very 
variable  amotintf!.  HrxnK  bus  found  0.O1-0.3.55  p.  m.  iron  in  the  bloo«l- 
free  liver  of  yonng  cats  and  dogs.  This  wus  calculated  on  the  liver  sab- 
stance  freshly  wnshed  with  a  1^  NaCI  solution.  Calonlated  on  10  tvlloa 
bodily  weight,  the  iron  in  the  livers  amoanted  to  3.4-80.1  nigm.  Hecent 
determinations  of  the  qnantity  of  iron  in  the  liver  of  the  rabbit,  dog, 
hedgehog,  pig.  and  man  have  been  made  by  GniLLP.MOKAT  and  LAPiot}CS.* 


'  L.  c.     Hee  also  Ht-ficr.  Arch.  f.  exp,  \\\h  ii.  Pbnrm..  IW.  2«. 

'Drcffhwl.  Ber.  d.  tdrbs  a<'t4:ll<irh.  d  WlMenacb..  18H(I,  K.  U.  and  7M\K\\t.  t. 
Blulugie,  Bd.  83;  Baldl,  Du  Buls  Ituyiiioiid'*  Arcb.,  1887.  Suppl.,  S.  100;  Muuittsv, 
Z«il3ctir.  f.  phytiol.  Cbem.,  Bd.  20.  On  dcconnl  of  iln>  rccnt  Investigaitoiwof  Blng. 
CentrBlhl.  f.  Pbyslol.,  Ud.  13,  It  la  doubtful  wbeltier  Jecoria  b  Ii0(  only  a  idIxUit*  of 
sugar  and  lecilbb. 

«  ZdlBchr.  f.  pbyaifil.  Ohem  ,  Bd.  8. 

*  Bungc,  ibiit.,  Bd.  IT,  S.  78;  GnfllemoDnl  and  Ln|>ic(iiie,  Cooipt.  reod.  de  Soc  biol.. 
Tome  48,  and  Arcb.  de  Pbyslol.  (S),  Tome  S. 
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The  T&riaiioD  was  great  in  hnmaii  beings.  In  men  the  qaantity  of  iron  in 
tite  blood-free  liver  (blood-pigmect  subtracted  id  the  calcnlation)  trtg 
regularly  more,  and  iu  women  leu,  than  0.20  p.  m.  (calcnlated  on  the  fresh 
moist  organ).     Above  0.5  p.  m.  is  considered  as  pathological. 

The  quantity  of  iron  in  the  liver  can  hv.  increased  by  iron  remedies,  as 
also  by  inorganic  iron  salts.  The  quantity  of  iron  may  also  be  increased  by 
an  abundant  destruction  of  red  blood -co  rpnscles  or  by  an  abundant  supply 
of  diasolved  lift^inoglobin  in  which  also  a  supply  of  iron  combinations, 
deriveil  from  the  blood -pigments,  from  other  organs,  such  as  the  spleen  and 
marrow,  to  the  liver,  seem  to  take  place.'  A  destniction  of  blood-pigments, 
with  a  splitting  oif  of  conibinatioua  rich  in  iron,  seems  to  take  place  in  the 
liver  in  the  fornmtion  of  the  bile-pigments.  Even  in  invertebrates,  which 
have  no  hfemogtobin,  the  so-called  liver  is  rich  in  iron,  from  which  Dastbb 
and  Fi.oitF.sro'  conclude  that  the  quantity  of  iron  in  the  liver  of  inverte- 
brates is  entirely  independent  of  the  decomposition  of  the  blood -pigment, 
and  in  vertebratea  it  is  in  part  so.  According  to  these  authors  the  liver 
has,  on  account  of  the  quantity  of  iron,  u  specially  important  oxidising 
function,  which  they  call  the  "  fonctron  martiale  "  of  the  liver. 

The  richness  of  the  liver  of  new-bora  animals  in  iron  Ji  of  special 
interest;  a  condition  which  follows  from  the  analyses  of  St.  Zklilaki^  but 
especially  studied  by  KniJc.EB,  XIeyf.k,  and  Perkuu.  In  oxen  and  cows 
they  found  0.246-0.276  p.  m.  iron  (calculated  on  the  dry  substance),  and 
in  the  cow-foetus  about  ten  times  as  mncli.  The  liver -cells  of  a  calf  a  week 
old  contain  about  seven  times  as  much  iron  Eta  the  full-grown  animal;  the 
quantity  sinks  in  the  first  four  weeks  of  life,  when  it  ahont  reaches  the 
same  amount  as  in  the  grown  animal.  Lapil'^lte'  baa  also  found  that  in 
rabbits  ttie  quantity  of  iron  in  tlie  liver  steiulily  diniinistiet  from  the  eighth 
day  to  three  months  after  birth,  namely,  from  10  to  0.4  p.  m.,  calculated 
on  the  dry  substance.  '*  The  fretal  lirer-eella  bring  an  abnndauce  of  iron 
into  the  world  to  be  used  up,  within  a  certain  time,  for  a  purpose  not  well 
known."  A  part  of  the  iron  exists  as  phosphate,  and  the  greater  part  in 
combination  in  the  ferruginous  protein  bodies  (St.  Zalkski). 

KbOukk*  has  determined  the  quantity  of  calcium  in  fall-grown  oxen 
and  calves,  and  finds  respectively  0.71  p.  m.  and  1.33  p.  m.  of  the  dried 
substance.  In  the  foetus  of  the  cow  it  is  lower  than  in  CAlrea.  Daring 
pregnancy  the  iron  and  calcium  in  the  f<Dtu8  are  antagonistic;  Daraely,  an 
increase  in  the  quantity  of  calcium  in  the  liver  canses  a  diminution  in  the 

■  See  Lu}>ic{iue,  C'ompl.   rend..  Tome  134.  and  Scburig.  Ardi.  f.  exp.   Palk.  u. 
Pharm..  IW.  -41. 

»  Arch,  de  Physrol.  (5),  Tom©  10. 

*  St.  ZalcHki.  I.  c;  KrUf^er  and  collsboraton,  ZelUchr.  f.  Bfologle,  Bd.  S7;  Lapfcque, 
Mttly's  Jaliresber..  Dd.  20. 

*  Zoltwlir.  f.  niologle,  Bel.  ai. 
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iron,  and  an  increase  in  the  iron  canaei  a  decreate  in  the  calniom.  Copper 
aeenis  to  b«  a  pliy«iological  conatituent.  Foreign  metals,  euch  a«  lent], 
zinc,  and  others  (ttlao  iron),  are  easily  taken  up  and  retatne<l  for  a  long  time 
by  the  liver. 

V.  ItlBRA '  fonnd  in  the  Hver  of  a  young  man  wlio  hfld  suddenly  died 
762  p.  m.  water  and  238  p.  m.  eolids,  consisting  of  25  p.  ni.  fat,  153  p.  ni. 
proteid,  gelatin-foniiitig  and  iiiiioIuUe  subatancea,  and  CI  p.  ni.  eitrac- 
tive  fiitlfgtances. 


Glycogen  and  its  Formation. 

Olycogen  was  discorered  bv  Hkhxaki)  and  IIknshn'  independently  of 
each  other.  It  is  a  carbohydrate  closely  related  to  the  starches  or  dextrins, 
with  the  general  formula  C,H„0„  perbapa  G(C,n„0,)  -f  H,0  (KClz  and 


■ 

I  BoKNTitAOKR).  The  largeBt  fpiantitiee  are  foiiiid  in  the  IWer  of  full-grown 
I  animals,  and  smaller  rpiantitles  in  the  mnsclea  {Ukio>aku,  X^stiH').  It  is 
I  found  in  very  small  rjtiantitics  in  nearly  all  tisanes  of  tlie  animal  body.  Ita 
^^Koccurrence  in  lymphoid  cell^,  blood,  and  pus  hoa  been  mentioned  in  a 
^^Pprevious  chapter,  r.nd  it  eeems  to  be  a  regular  constituent  of  all  cells  capable 
[  of  development.  (!lycngeu  was  first  shown  to  exist  in  embryouic  tissQes  bj 
^^kBekkard  and  KPnxp.,  and  it  seems  on  t}ie  whole  to  be  a  constitnent  of 
^^vinch  tissues  iu  whicli  a  rapid  cell-formation  and  cell-derelopment  is  taking 
place.  It  is  also  present  in  rapidly  forming  pathological  swellings  (IIcfpe- 
Seylek).  Certain  aniniHlFi,  as  certain  tuiissvlH,  are  v(>ry  rich  in  glycogen 
(Bizio*).  Glycogen  also  occurs  in  the  }ilant  kingdom,  especially  in  many 
fangi. 

The  qnantity  of  glycogen  in  the  liver,  as  also  in  the  nmscles,  depends 
essentially  upon  the  food.  In  ^tarration  it  disappears  nearly  completely 
after  a  short  time,  but  more  rapidly  in  small  than  in  large  animala, 
and  it  disappears  earlier  from  the  liver*  than  from  the  muscleii.  After 
partaking  of  food,  especially  when  ritdi  in  carbohydrates,  ihe  liv^r  he- 
comes  rich  again  in  glycogen,  the  greatest  increment  occarring  34  Lo  16 
hours  after  entlug  (KClz*).  The  quantity  of  liver-glrcogen  may  amonnt 
to  130-ItiO  p.  m.  after  partaking  of  large  quantities  of  carbohydrates. 
Ordinarily  it  is  considerably  lets,  namely,  12-30  to  40  p.  m.     Acoording  to 

*  Set  V.  tioTUp-lk'siiiivic,  Lclirlmch,  4.  Aiifl.,  8,  711. 

*  CI.  IJenmnl.  Oin»iil.  teiiii..  Ttimi-  A4.  p.  57S ;  and  HenseB.  Virchow*«  Arcb.,  Bd. 
11.8.  305:  Knlzand  B<>rnlrllger.  PflUger's  Ardi..  IW.  34,  S.  19;  Niiase.  ibid,.  Bd.  8, 
S.  »7. 

*  Bemitrd,  Compl.  lend..  Totno  48;  Kfibnr,  Lclirbiirli  d.  pliystol.  Cliera.,  B.  307: 
Hoppc-Sfvler.  PUUfTcr's  Arcli..  Bd.  7.  8.  409  ;  Bi7.io.  Cfjmpt.  read..  T»mu  63. 

*  S<e  AMcltoff ,  Zrfui-lir.  f.  Biolnp'e,  B<1.  "JS.  wlikli  coiiiii!ti»  u  miminary  of  the  Ifter- 
tlure.     Hergetiliiilm,  thitt.    ltd    27 

*  PllQgvr'it  Art-li.,  Bd,  24.  Tliia  importunl- article  contatas  utimeroui  data  io  regard 
to  Uie  llietatiire  of  glycogeB. 


313 


TUB  UYSR. 


Cbsubr*  the  qnantiiy  of  glycogen  io  plants  (yeast-cells)  ts,  as  in  ani 
dependent  upon  tlie  food.  According  to  him  the  veast-ceUs  contuia  glp 
cogen,  which  disappears  from  tho  cells  io  the  auto-fcrmontation  of  the  yeast* 
but  reappears  on  the  introdQction  of  tho  cells  into  a  eagar  Bolntiou. 

The  fjnantity  of  glycogen  of  the  liver  (and  also  the  mnacIeK)  is  also 
dependent  upon  rest  and  actirity,  becanse  dnring  rest,  as  in  hibernation,  ii 
increases,  and  tlnring  work  it  diminishes.  KClz  has  shown  that  by  hard 
work  the  fiimiitity  of  glycogen  in  the  liver  (of  dogs)  is  reduced  to  a 
minimum  in  a  few  hoars.  The  mnscle-glycogen  does  not  diminish  to  the 
lame  extent  as  the  I i re r^ glycogen.  Krij:  *  was  able  to  comjdetely  consnme 
the  liver*  an  well  as  the  nmscle-glycogeu  of  a  mhhit  in  Z-a  hoars  by  qnal- 
ifled  strychnin  poieonlug.* 

Glycogen  forms  an  amorphoos,  white,  tasteless,  and  inodorous  powder. 
Ic  gives  aa  opalescent  solution  with  water  which,  when  allowed  to  evsporate 
oil  the  water-bath,  forms  a  pellicle  over  the  surface  that  disappears  again  on 
cooling.  The  solution  is  dextrogyrate,  {a)D  =  -f  ]96''.63  (Ucppert'). 
The  specific  rotatory  jiower  is  given  Honiewhat  differently  by  various  inves- 
tigatnri*.  A  solution  of  glycogen,  es])eciidly  on  the  addition  of  NaCl,  is 
colored  wine-red  by  iodine.  It  may  hold  copper  oxybydrate  in  solntion  in 
alkaline  Hqniils,  but  does  not  reduce  it.  A  solution  of  glycogen  in  water  ii 
not  precipitnted  by  potassinni-mercnrio  iodide  and  hvdrochloric  acid,  but  is 
precipitated  by  alcohol  (on  the  addition  of  NaCl  when  necessary)  or 
unmouincul  basic  lead  acetate.  It  gives  a  white  grannlar  precipitate  of 
benzoyl  glycogen  with  benzoyl  chloride  iind  caustic  soda.  Glycogen  is  com- 
pletely precipitated  by  saturating  its  solntion  at  ordinary  temperataree  with 
magnesium  or  ammonium  sulphate.  It  is  not  precipitated  by  sodium 
chloride  or  half  saturating  with  ammonium  sulphate  (Kassk,  Nt-I'mkistek, 
Hai.libltrton,  Yorsa*).  Glycogen  is  not  decomposed  on  prolonged 
boiling  with  dilute  caustic  potash,  but  it  seems  to  be  changed  slightly 
(ViNTScnoAU  and  Dikti. ').  By  diastatic  enzymes  glycogen  is  converted 
jnto  maltose  or  dextrose,  depending  upon  the  nature  of  the  enzyme.  It  is 
transformed  into  dextrose  by  dilute  mineral  acids.  According  to  Tebb,' 
TRTious  dextriiis  appear  as  intermediary  steps  in  the  saccharification  of 
glycogen,  depending  on  whether  the  hydrolysis  is  cansed  by  mineral  acids 
or  enzymes. 

'  ZelUcbr.  f.  Biologic.  Bd.  31. 

*  PtlU^r's  Arrh.,  Bd.  34.  nnd  "  Beltrdlge  cur  Keuntnlu  det  Olykog«Q«."  C.  Lud- 
wig's  F<»lschrirt.     Marburg,  I8B1. 

*  Id  regard  to  the  action  of  cxperlmentKl  bUc-atoppsge  on  the  quantity  of  glj-oogea 
)a  llie  liver,  see  Rt'usa.  Arcli.  f.  i;x(i.  PaLli.  u.  Pbarm.,  Bd.  41. 

*ZulHclir.  f.  plivfliol.  Ciiem..  Bd,  18. 

*  See  Young,  Joiini.  of  Ptiysiol..  Vol.  22,  whore  llio  oilier  luvesllgatora  are  cited. 

*  PflDger's  Arcli..  Bd.  18.  8.  £58. 
'  Journ.  of  Pbyslol.,  Vol.  22. 
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The  prepantioci  of  pure  glycogen  (siiupleet  from  the  liver)  is  generally 
performed  ay  the  method  suggested  by  UkCcke,  of  which  the  main  poiuta 
are  the  following:  Inimedlatcly  after  the  death  of  the  animal  the  liver  ia 
thrown  into  boiling  water,  then  tinoly  divided  and  boiled  setersl  times  with 
fresh  water.  The  filtered  extract  is  nov  aiifTicieutly  concentrated,  alloTred 
to  cool,  and  the  proteids  removed  by  alternately  adding  potasBium-mercorio 
iodide  and  hydrochlono  acid.  The  glycogen  ib  precipitated  from  the 
filtered  liquid  by  the  addition  of  alcohol  until  the  liquid  contJiins  00  toIi. 
per  cent.  The  glycogen  is  first  waebod  on  tlie  filter  with  HO'if  and  then 
with  95'i  alcohol,  then  treated  with  ether  and  dried  over  snlphurio  acid. 
It  is  always  contaminated  with  iiiirienil  siibstiinues.  Tn  be  Hble  to  extract 
the  glycogen  from  the  liver  or,  cBpecially,  from  moscles  and  other  tissues 
completely,  which  is  essential  in  u  qtintititatlve  estimation,  these  partj  mnat 
first  be  boiled  for  a  few  hours  with  a  dilute  solution  of  cauiitic  potash,  say 
4  gma.  KOII  to  100  gms.  liver  and  40U  c.c.  water. 

The  quantitative  etitimation  is  best  |>crfonned  according  to  the  described 
method  of  BrCcke-KClz.'  It  is  to  be  observed  that  it  is  DeceBsary  to  heat 
tho  liver  for  2-3  hoars  and  muscle  4-8  honra  with  caustic- potash  solution. 
This  liquid  mnst  not  be  concentrated  too  far,  and  mnst  not  contain  more 
than  2)f  caustic  potash.  It  is  neutralized  by  hydrochloric  acid  and  precipi- 
tated by  the  alternate  addition  of  potaasinm-mercnric  iodide  and  hydro- 
chloric aci<l.  'Die  jirecipitate  must  be  removeil  from  the  iiller  at  least  foar 
times,  snspeoded  in  water  with  the  addition  of  a  few  drops  IIC'I  and 
potaseinm-mercnric  iodi<le,  and  reliltercd  so  that  all  tlie  glycogen  is  obtained 
in  the  filtrates.  Thuse  are  then  precipitated  with  double  their  vohitue  of 
alcohol,  filtered  after  \'Z  hours,  the  precipitate  dissolved  in  a  little  warm 
irater,  treated  on  cooling  with  Hf'l  nud  potassium-mercuric  iodido,  filtered, 
and  the  tiltrate  again  precipitated  with  alcohol.  Kilter  and  carefully  wash 
the  contents  of  the  filter  with  alcohol  and  ether,  dry,  weigh,  and  iucinerate 
to  determine  the  quantity  of  a&\\  present.  U  ie  to  be  reromniended  to 
always  test  for  nitrogeo  in  a  weighed  part  of  the  dried  and  weighed  precipi- 
tate. If  it  contains  nitrogen,  another  weighed  part  is  boiled  with  dilute 
acid  and  converted  into  sugar,  which  is  determined  by  titration. 

It  sometimes  happens  that  the  liquid,  after  complete  precipitation  of  the 
proteids  with  HCI  and  potaiisium-mercuric  iodide,  is  cloudy  and  does  not 
filter  clear.  In  this  case  add  'l-X\  vols.  9i*j«(  alcohol  a*'cordiug  to  l*Fi.C*JF.n'9 ' 
inggestion.  After  the  liqnid  becomes  clear  and  the  precipitate  has  settled 
it  can  be  filtered.  The  precipitate  is  dissolved  in  a  ^^  caustic-potash  eola- 
tion and  again  precipitated  by  hydrochloric  acid  and  potaasiuni-niercnric 
iodide.     Then  proceed  as  above  described. 

We  must  refer  the  reader  to  the  original  comniDnications  in  regartl  to 
the  moditlcations  of  the  above  methods  as  suggested  by  SALXowHKt  and 
Ai  STiN  and  I'pi.Cokk,  and  also  Utizikga's  and  Fkankei.'s  '  methods. 

Besides  glycogen  Seegsn  *  finds  in  the  liver  another  carbohydrate  which 

>  3o«  R.  EqIz,  Zetuchr.  f.  Biologle,  Bd.  23,  S.  161. 

<  PBQger*B  Arch.,  Kdd.  53  bikI  05. 

'  Austlo.  VlrchoWs  Arcli.,  Bd.  ISO ;  PllQger  in  PflUgei'a  Arch.,  Bd.  71,  8.  880; 
HulzEogn.  UM..  Bd.  61 :  Frtlukel,  ibid.,  BJd.  53  and  56.  See  also  Weldeulwum,  tM(/., 
Bdd.  M  kDil  56. 

^Ceoinlbl.  [.  Flurslol.,  Bd.  IS. 
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is  solnble  in  water,  baa  a  redncing  action,  and  which  he  designates  **  Hrer' 
dextrin."  On  heating  with  dilute  hydrochloric  acid  in  a  sealed  tube  it  is 
transformed  into  glucose.  On  treating  the  liver,  nccording  to  the  BrCcke- 
ECi^  method,  tliis  body  goea  into  solotion  and  ie  only  precipitated  to  s 
slight  extent  with  the  glycogen.  Complete  precipitation  only  takes  place 
in  the  presence  of  t>0^  alcohol  or  above. 

Nnmeroiis  investigators  have  endearoreil  to  determine  the  origin  of 
glycogen  in  the  animal  body.  It  is  poBitively  established  by  the  nnanimooB 
observatious  of  many  iovostigators '  that  the  varieties  of  ;M^rtr«  and  their 
anliyd  rides,  dexirina  and  stiirckes,  have  the  property  of  increasing  the 
quantity  of  glycogen  in  the  body.  The  action  of  iunlln  seems  to  be  some- 
what nncertain.*  The  statements  are  somewhat  disputed  in  regard  to  the 
action  of  the  pentoses.  Ckemer  found  that  various  pentoses,  such  as 
rhaumose,  xylose,  and  arabinose,  have  a  positive  inflaence  on  the  glycogen 
formation  in  rabbits  and  hens,  and  Salkowski  obtained  the  same  result 
on  feeding  rabbits  and  a  hen  on  arabmose.  Frrktzel  found,  on  the 
contrary,  no  glycogen  formation  on  feeding  xylose  to  a  rabbit  which  had 
previously  been  made  glycogen-free  by  strychnin  poisoning.' 

The  hexoses,  and  tlie  carbohydrates  derived  therefrom,  do  not  all 
possess  tho  ability  of  forming  or  acounmlating  glycogen  to  ttie  SAme  extent. 
Thns  C.  Voir  *  and  his  pupils  have  shown  that  dextrose  has  a  more  powerful 
action  than  cane-sugar,  while  milk-sugar  acts  disproportionately  less  (to 
rabbits  and  hens)  than  dextrose,  hpvtdnse,  cane-sngar.  and  maltose.  Tlie 
following  substances  when  introdiicetl  into  the  body  also  increai=«  the 
quantity  of  glycogen  in  the  liver:  glyctrin^  gelatin^  arbulin,  and  also, 
according  to  the  inveatigations  of  KClz,  erythrit.,  qnercit,  dulcit,  maunit, 
itiosity  allt/l  and  croii^l  alcohols,  glycuronic  anhydride^  saccharic  acid,  mueie 
addf  Kodium  tartrate,  saccharin,  isusaccharin,  and  urea.  Amnionimn 
earbouutc,  ghjcocdl^  and  ngynrngin  nmy  also,  acconting  to  Roiimasx,  cause 
an  increase  in  the  anioiait  of  glycogen  in  the  liver.  According  to  Nebrl* 
TBAO  other  ammonium  salts  and  (rertain  amides,  also  certain  narcoticty 
hypnotics,  and  autipyrdics,  produce  an  increjwe  in  tho  glycogen  of  the 
liver.  This  action  of  the  antipyretics  (especially  antipyrin)  had  been  shown 
by  LxpiNE  and  Poktebet.* 


'  lu  reference  lo  thu  Iheraiture  on  tb[s  autiject  see  £.  Ctklz.  PtlQgcr's  Arch.,  Bd.  94. 
and  LtidwiR  Festsc-hrin,  ISU);  Wolftltari;,  ZoiUclir.  f.  BmLugIc,  Bd.  13,  and  C.  Voit, 
end..  Bd.  28.  S.  24.^ 

»  See  Miurn,  Zellschr.  f.  BJoInyie,  K<1.  82. 

'  Crciiier.  Zuilscbr.  f.  Biologie,  U<1.  ^.  S.  536 ;  Sslkowskl.  Centralbl.  f.  d.  med. 
Wte*<-n»cb.,  1893.  No,  II;  Frt-nuel,  Pflugor's  Arch..  Bd.  fA. 

*  ZeJlfc^hr.  f.  Biologio.  B<).  S». 

*R01imnnD.  PQi\gcr's  Arcli .  Bd.  89;  Nebcltbau.  Zeilsdir.  f.  BEoIogl«,  Bd.  89 ;  Pcv-, 
teret,  Compt.  read.,  Tome  106. 
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Th«  fats,  notwithstanding  the  above-mentioned  action  of  glycerin,  hava 
no  action  on  the  qaantlty  of  glycogen  in  the  liver,  according  to  the  state- 
ments of  most  inrestigatore.  According  to  CorvitFrR'  the  glyoogeu  is 
increased  at  the  expense  of  the  fat  in  tlie  silk-vorin  larva  as  it  changes  into 
a  chrysalis.  The  views  in  regard  to  the  action  of  protcida  hare  bcett  very 
contradictor}'  in  the  post.  It  is  iindoubte<lly  settled  from  many  ottserra- 
tions  that  the  protoido  also  increase  the  liTer-glycogen.  Amongst  these 
observations  we  mnfit  inelndo  certain  feeding  experiments  with  boiled  beef 
{Nalkys)  or  blood-iibrin  (v,  Meiuni;),  and  especially  tbe  very  cureful 
experimcnta  made  by  £.  Kl''i,z  on  lions  with  pure  proteids,  such  as  casein, 
seralbnmin,  and  oralbnmin.  Wolffrkro  *  has  also  shovrn  that  a  more 
abnndant  accumulation  of  glycogen  takes  place  after  ftsediug  with  proteids 
and  carbohydrates  in  proper  proportijns  than  with  jarbohydmto  food  alone 
with  only  a  little  proteid. 

If  we  raise  the  question  as  to  tbe  action  of  tbe  various  bodies  in  the 
accumulation  of  glycogen  in  tbe  liver  we  must  oall  to  mind  that  a  forma- 
tion of  glycogen  takcit  place  in  this  organ,  and  also  a  coiisumptioti  of  the 
same.  An  accnmnlation  of  glycogen  ntay  be  cause<l  by  an  increased  forma- 
tion of  glycogen,  but  also  by  a  diminished  consumption,  or  by  both. 

We  do  not  know  how  nil  the  above-mentioned  various  bodies  act  in  this 
regard.  Certain  of  them  probably  have  a  retarding  action  on  the  transfor- 
mation of  glycogeu  in  the  liver,  while  others  }>erhapB  are  more  combastible 
and  in  this  way  protect  the  glycogen.  Some  probably  excite  the  liver-cells 
to  u  more  active  glycogen  fornmtion,  while  others  yield  material  from  which 
the  glycogen  is  formed  and  are  ylycogen-forfiiers  in  the  tme  sense  of  the 
word.  The  knowledge  of  these  lust- mentioned  bodies  is  of  the  greatest 
importance  in  the  qnestiun  as  to  Ihe  origin  of  glycogen  in  the  animal  body, 
and  the  chief  interest  attaches  itself  to  the  question,  to  what  extent  are  the 
two  chief  groDpBof  food,  the  proteids  and  carbohydnites,  gljeogeti-ronners? 

The  great  importance  of  the  carbohjdratea  in  the  fnnnation  of  glycogen 
haa  given  rise  to  the  opinion  that  tbe  glycogen  in  the  liver  is  prodnced  frvm 
other  carbohydrates  (glucose)  by  a  synthesis  in  M-hich  water  separates  with 
the  fcmifttion  of  an  anhydride  (Ll'rii&iN'OEU  and  others).  This  theory 
{anhydride  theory)  has  found  opponents  because  it  neither  explains  the 
formation  of  glycogen  from  such  bodies  as  proteids,  carbohydrates,  gelatin, 
end  others,  nor  the  circunistanoe  that  the  glycogen  h  always  the  same 
indef>6ndent  of  the  pro]>erties  of  the  carbohydrate  introdncvd,  whether  it  is 
dextrogyrate  or  la^vogyrate.  It  is  therefore  tbe  opinion  of  many  investigators 
that  all  glycogen  is  formed  from  prot«id,  and  that  this  splits  into  two  part«. 


'  Cnmpl.  rend,  tie  Soc.  Mol..  Tome  47. 

*  KQIx.  died  Festscttrift.  where  the  other  lavtsUgatloDi  m^  be  be  fouud;  WulUbi-rg, 
Zettocfar.  f.  BfolOfile.  Bd.  IS. 
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ooe  contaiDing  nitrogen  and  the  otber  being  freo  from  nitrogen :  the  latter  is 
the  glycogen.  According  to  these  views,  the  carbohydratos  act  only  in  that 
they  spare  tlie  pruteiii  ami  the  glycogen  produced  therefrom  {aparing  theory 
of  Weiss,  WoLFPiiEitr.,  and  others'). 

In  opposition  to  this  tlieory  C  Ami  E.  Voii*  and  their  pnpits  have 
shown  that  tlie  carbohydrates  are  "  true  glyeogeii-formers."  After  partak- 
ing of  large  qiiaotitiea  of  carbohydrates  the  antonut  of  glycogen  stored  up 
in  the  hixly  is  Bonietinies  bo  groat  that  it  cannot  he  covered  by  Die  proteidB 
decomposed  durhig  the  same  time,  and  in  these  cuseti  we  mnst  admit  of  a 
glycogen  foriuatiun  from  the  carbo  hydra  tee.  The  three  ordinary  mono- 
Baccharidos  and  disacchorides  are  true  glycogen- formers.  Iiactose  and  caue- 
Bogor  when  injectetl  snbciitaneonBly  reappear  nearly  entirely  in  the  nritw 
(Dastke,  Kb.  Voit).  and  they  must  therefore  first  undergo  an  inrersiou  id 
the  intestinal  oaiiul  before  tliey  form  glyuogeiu  Maltose,  which  is  also  split 
in  the  blood,  paesos  only  slightly  into  the  urine  (l>.\r-TRE  and  BoiriKii-fLOT, 
and  others),  and  it  can  therefore,  like  the  monosaccliarides,  be  of  value  in 
the  formation  of  glycogen  even  iifter  subcutanooua  injection  (Fk.  Voit*). 

Thcro  is  no  doubt  that  feeding  with  pare  proteids  leads  to  an  iiccumula- 
tion  of  glycogen,  and  at  the  present  time  we  mnet  admit  that  glycogen  can 
he  formed  from  proteida  ad  well  as  from  carbohydratea. 

The  manner  in  whii'li  glycogen  is  formed  from  proteida  is  not  known. 
The  view  held  by  certain  investigators  that  carhobydratea  split  off  directly 
from  the  getuiiue  proteida  has  this  foundation,  that  certain  investigators, 
©flpecially  Pavy,  have  been  able  to  split  oil  carboltydrate  gronpa  from 
proteids.  As  it  is  doubtful  whutber  hucIi  a  carbohydrate  can  be  derived 
from  actually  pure  proteid  nncontaminated  with  glycoproteids,  and  also  as 
each  proteida  as  casein,  from  which  no  carbohydrate  can  be  prepared,  cause 
an  accumulation  of  glycogen,  we  must  for  the  present  e.tp]ain  the  formation 
of  glycogen  from  proteids  simply  by  the  aasnmption  that  a  carbohydrate 
gronp  is  split  oti.  PflCoek's*  theory  is  therefore  often  cited  to  explain 
the  forniatiori  of  glycogen.  According  to  this  theiiry  the  glycogen  is  formed 
by  a  complex  cleavage  of  the  proteid  accompanied  by  a  fyntheeis. 

Like  the  carbohydrates  in  general,  glycogen  has  without  any  donbt  a 
great  importance  in  the  formation  of  heat  and  dcveiopmenl  of  energy  in 
the  aiiiiuid  body.  The  possibility  of  tlie  formation  of  fat  from  glycogen 
cannot  be  denied.*    Glycogen  is  generally  considered  as  accnmulateil  reserve 

'  ^K»  Wolffl>eTg.  ].  c,  ia  regard  to  tbvse  two  ttieuries. 

*  E.  Tolt.  ZeitKbr.  f.  Bblogie.  Bd.  35.  8.  M3,  nnd  C.  Volt.  Mtf..  Sd.  28.     See  rIw 
Kausch  auil  Sucin.  Arcli.  f.  exp.  Palh.  u.  Ptmrii].,  Bd.  31. 

*  Diiatre.  Arch,  de  Physiol  (5),  Tome  3.  1691;  Daatre  and  Bourquelol,  Corapt.  r«r 
Tome  BS;  Fritz  Voit.  VcrLaiidl.  d.  Gesellscli.  f.  Murpli.  u.  Physiol.  In  MUnchen.  IS 
iiikJ  IX'Utscti.  Arch.  f.  klin.  Med.,  Bd.  56. 

*  Pfl[lgi!rB  Arch..  Bd.  42. 

*  Sn  especial] J-  No&l-Pbtoa,  Joum.  of  PhTsiol..  Toh  19. 
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food  in  tho  liver  and  formed  in  the  liTer-cellB.  Where  does  the  glycogen 
existing  in  the  other  organs,  snch  as  the  muscles,  originate?  Is  the 
glycogen  of  ihe  ninecles  formed  on  the  spot,  or  is  it  transmitted  to  the 
muBctes  hj  the  blooi!  ?  These  qaestions  cannot  jet  be  answered  with  posi- 
tiveuese,  and  the  investigations  on  this  subject  b;  different  experimentara 
have  given  contradictory  resnlts.  The  later  experiments  of  Kf  lz,'  in  which 
he  studied  the  glycogen  formation  by  passing  blood  containing  cane-sugar 
throngh  the  muscle,  has  led  to  no  conclusive  results.  Still  tiie  formation 
of  glycogen  from  sngar  in  the  muscles  is  probable.  'J'here  is  no  doubt  that 
glycogen  is  formed  in  the  mnsclea  daring  embryonic  life. 

If  we  consider  that  the  blood  and  lymph  contain  a  diastatic  enzvme 
which  transforms  glycogen  into  sugar,  and  also  that  the  glyc<^en  regu- 
larly occurs  in  the  forni-eienienti)  and  is  not  dissolved  in  the  lliiids,  it  seems 
probable  that  the  glycogen  is  not  transmitted  by  the  blood  to  the  organs  in 
solution,  bnt  perhaps  more  likely,  if  tho  leucocytes  do  not  act  as  carriers, 
in  fomied  on  tho  spot  from  tho  sugar.*  The  glycogen  formation  seems  to 
he  a  general  function  of  the  cells.  In  adults  the  liver,  which  is  very  rich 
in  cells,  has  tlio  property,  on  account  of  its  anatomical  position,  of  trans* 
fomiing  large  quantities  of  sugar  into  glycogen. 

The  question  now  ariBes  whether  there  is  any  fonndation  for  the  state- 
ment that  the  lirer-glycngen  is  transformed  into  sugar. 

As  lintt  shown  by  IlRRKAnn  and  repeated  hy  many  investigators,  the 
glycogen  in  a  dead  liver  Ir  gradually  changed  into  sugar,  and  this  sugar 
formation  is  caused,  as  Hehnaho  supposed  and  Aktiii:$  and  IIl'Iieu,  and 
recently  Pavt,'  proved,  by  a  diastatic  enzyme.  This  post-mortem  ■xigar 
fonnatton  led  Bkunaiiii  to  the  assnmption  of  the  formation  of  sugar  from 
glycogen  in  the  liver  dnring  life.  Ukrxard  suggested  the  following  argu- 
ments for  thii  theory:  The  liver  always  contains  some  sugar  under  physio- 
logical conditions,  and  the  blood  frimi  the  hepatic  vein  Is  always  sonien'hat 
hcher  in  sugar  than  the  blood  from  tho  portal  vein.  The  cormctneiis  of 
•either  or  both  of  those  statements  has  been  disputed  by  many  investtgatora. 
Patt,  RiTTEH,  SciiifF,  Ki;LKXHKHG,  Lfssana,  Aheles,  und  others  deny 
the  occurrence  of  sugar  in  the  liver  during  life,  and  the  greater  amonnt 
<if  dextrose  in  the  blood  from  the  hepatic  vein  is  likewise  disputed  by  them 
«nd  certain  other  investigators.* 

<  See  MiDkowski  Aod  Lftwes.  Aroli.  f.  cxp.  IVUi.  u.  Pliann.,  Bd.  38;  KtUz.  Z«Juclir. 
t.  Btologle,  Bd.  ST. 

*  See  Dastre.  Cotnpt.  reiid.  de  Soc.  tiol..  Tome  47.  p.  £80.  and  Ksufmaon.  (M^i..  p. 
316. 

'  ArthuB  Kntl  Hubflr.  Arcb.  de  Pbysiol.  (5),  Tome  4.  p.  650;  Pavy,  Journul  uf 
PbvMol..  Vol.  23. 

*  In  re^inl  lu  llic  llti-rnturo  ou  viignr  fotmniinu  hi  the  liver  »««  BiTDard  I.t-fiiua  Nur 
ledlaWle.  Paris,  1877.— Sw-gcn.  Die  ZuckcrWldung  Im  TlerkOrpcr.  Ikrliii,  IS80;— 
II.  Bbl.  PaOgcr'B  Arcb.,  Bd.  &&,  S.  434. 
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The  doctrine  a«  to  the  phjsiologlcnl  fornmtion  of  Bngar  in  the  lirer  has 
obtfttne<I  Ml  energetic  advocate  in  Seeoek.  He  maintuine,  after  immeroos 
experimeDts,  that  the  liver  regnlarty  contains  considerable  nmoanta  of  angar. 
He  has  observed  an  increase  of  3<^  iu  the  quantity  of  dextrose  in  the  liver  of 
a  dog  kept  alivo  by  jiassing  arterial  blood  through  the  organ,  ami  lastly  he 
has  also  fonnd  in  a  very  great  number  of  experiments  on  dogs  that  the  blood 
from  the  hepatic  vein  always  contains  more — even  double  as  mnch — engar 
than  the  blood  from  the  portal  vein.  Mnssi-:  and  Zit.ntz'  have  recently 
made  objectloos  as  to  the  correctness  of  thia  lost  statement,  and  it  follovs 
from  the  varions  researches  on  this  rinestion  that  when  disturbing  iafln- 
eiices  are  ]>i-evented  the  blood  from  the  hepatic  vein  is  only  very  little  richer 
in  siigar  than  the  blood  from  the  portal  vein.  RiN-n  '  hats  not  been  able  to 
detect  an  appreciable  difference  in  the  quantity  of  redacing  substance  in 
the  portal  vein  as  compared  to  the  hepatic  vein.  Sehoen's  tssnmptioD 
of  the  formation  of  sagar  from  proteid  or  fat  in  the  liver  has  been  tested 
by  ZUSTZ  and  Cavazzani.'  In  no  case  could  they  find  a  greater  formation 
of  sngar  than  what  correspondeil  to  the  glycogen  consumed. 

Althongli  Sergrn  energetically  espouses  the  doctrine  of  Bbrhaku  rb  to 
the  vital  sngar  formation  in  the  Hver,  still  it  deviates  easentiallj  from 
BERNARn  in  that  he  claims  tho  sngar  is  not  derived  from  the  glycogen. 
According  to  Sbeuen  the  sugar  is  formed  from  peptones  and  fat.  The 
observations  on  which  he  baeea  this  view  seem  liardly  to  be  correct,  accord- 
ing to  the  control  experiments  made  Ly  many  investigators.  Tlie  et&te- 
meot  of  Lli'IKK  as  to  the  occurrence  of  an  enzyme  iu  the  blood  which 
has  the  property  of  transforming  ]>eptone  into  sugar  could  not  be  sub- 
stantiated.* 

The  formation  of  carbohydrate,  or  glucose  from  fat,  a  process  which 
undoubtedly  occurs  in  the  plant  kingdom,  is  olao  admitteil  for  the  animal 
body,  namely  by  French  experimenters,  especially  CnAt'VEAtr  and  Katf- 
JiAKN.  At  present  we  have  no  positively  conclusive  proof  for  such  a  view. 
The  recent  investigations  of  J.  Weiss  seem  to  slmw  a  formation  of  sugar 
from  fat  in  tho  liver,  while,  on  tho  contrary,  the  observations  of  Moxtuori 
couCnidict  such  a.  process.'     This  question  Is  therefore  dispnted. 

The  circum«Unc;e  tliat  the  hlood-sugiir  nipidly  Binka  to  J-J  of  its  original 
quantity,  or  eveu  dinjippeunt  when  the  liver  is  cut  out  of  the  ciroulatioD> 


'Scogpii,  Die  ZtickerltiMiiiip,  eic.  nnd  Centrnlli!.  f.  Pliyeiol..  Bel.  10.  8.  4ST  and 
632;  Zunu,  ibid..  8.  561;  Mosjc.  Pflagcrs  Arcb..  IM.  68. 

'  •■  UncicrsOf^elMr  ov«r  rertucereodiu  BulMtnuher  i  Bloilel."    KOlwiihavu.  18W. 

'  Arch.  f.  Auai.  u.  Phyglol..  pbj-slol.  Abih..  1898. 

'  6co  Bial,  Pangcr'a  Arch..  Btt.  Sn:  Lt-piii<'.  C<)nt]it.  rend.,  Tomes  llSsnil  118;  aba 
JL  CftVMzani  fiD«i  A.  Liixjwio,  Maly>  J.itirc>btr. .  Ud.  ii-l;  Pacleri,  ibid. 

•  Knurtmiiin,  Arch,  ilo  Pliysliil.  (.1),  Ti»mr  S,  wlicre  ClmuvfRii  it  nisn  cited;  Wcifl^ 
EeJlMilir.  t.  i>hy%iQl.  Cfaeiu..  DO.  24;  Honinnri.  Mkly'fl  JiilnesWr..  JM.  34. 
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gpesks  for  a  vital  formation  of  Bogar  in  the  liver  (Seeoen,  Bock,  and 
IIoFFMAXN;  Kacfmaks  ;  Tangl  and  Uarley).  In  geese  wlioiw  livera 
irere  removed  from  the  circulation  Minkowski  found  no  Bogar  in  tlie  blood 
after  a  few  honrs.  On  removing  tlie  Jlver  from  the  circnlaiioa  by  tying  all 
the  tobkU  to  uttd  from  the  organ,  the  qtiatitity  of  sngar  in  the  blood  on 
drawing  is  not  iucreaeed  (Scuknck  ').  We  will  also  learn  shortly  of  certain 
poisons  and  operative  changes  which  may  cause  iiii  abundant  elimination  of 
sagar,  hot  only  when  the  liver  contBius  glycc^en.  If  wo  recall  the  fact 
shown  by  KruiMANN  and  Bial  that  the  lymph  as  well  as  the  blood  conUtins 
a  diastatic  enzyme,  then  eeveral  reasons  speak  for  the  view  of  Bernard 
that  tlie  post-mortem  formation  of  sng»r  from  the  glycogen  in  the  tiver  is  a 
continuation  of  the  vital  process.  Although  it  is  nnanimous  that  the  post- 
mortem sugar  formation  is  produced  by  a  diastatic  enxyme,  still  several 
investigttiors,  such  as  IUstuk  and  Noici.-pATOK,  and  E.  Cavazzaxi,'  are 
of  the  view  that  sugar  formation  is  not  cansed  in  life  by  an  enzyme,  but  by 
ft  vital  process  of  the  cell  protopiasm. 

The  relationship  of  the  sugar  eliminated  in  the  nrine  under  certain  con- 
ditions, snch  OS  ill  diabetes  mellitui^,  certain  intoxications,  lesions  of  the 
nervous  system,  etc.,  to  the  glycogen  of  the  liver  is  also  an  important 
question. 

it  does  not  enter  into  the  plan  and  scope  of  this  book  to  discnss  in 
detail  the  various  views  iu  r^ard  to  glycosuria  and  diabete«.  Tlie  {ippear- 
anceof  dextrose  in  the  nrine  is  aeymptom  which  may  have  essentially  differ- 
•ut  causes,  depending  upon  dilTerent  circnmstances.  Only  a  few  of  the 
most  important  ])ointa  will  be  mentioned. 

The  blood  contains  always  about  nn  average  of  1.5  p.  m.,  while  the 
nrine  at  most  contains  only  traces.  AVIa-n  the  qnantity  of  sugar  in  the 
blood  rises  to  3  p.  m.  or  above,  then  Ktigiir  pfisses  into  the  urine.  The 
kidneys  have  the  property  to  a  certain  extent  of  preventing  the  passage  of 
blood-sugar  into  tlie  urine;  and  it  follows  from  this  that  an  elimination  of 
sDgar  in  the  nrine  may  be  cansed  partly  by  a  reduction  or  suppression  of 
this  atiove-nieutioned  activity  and  partly  also  by  an  abnormal  increase  of  the 
quantity  of  sugar  in  the  blood. 

The  first  seems,  according  to  r.  M^niKG  and  AIikkowski,  to  be  Ui« 
case  in  phlorhizin  dial>etes.  r.  Mkuiko  has  found  that  a  strong  glycosuria 
appears  in  man  and  aninmla  on  the  administration  of  the  glacoside 
phlorhizin.     The  sngar  eliminated  is  not  derived  from  the  glncoside.     It  is 

*  Secgeii,  B«ck  sad  IloDnitiiiii,  tec  Seegon.  1.  c.,  S.  182-184 ;  KniirmADD,  Aivh.  de 
Pltyslol.  (ft).  Tome  8;  Turigi  iiml  llmley.  Ptlrigei's  Arcli,.  Hil.  61;  MInkowskf.  Arch,  f. 
ejip.  PiUh.  n.  I'liarm.,  lid.  21;  Scluiiek.  PflUger'i  Arch..  Bd.  07. 

*  RAbmann  ROrt  IMal,  w*  fimt-iiolc  8,  piigc  133  :  X<»Pl-P(»liiii,  "On  Tfc|»nlk>  Uij-cv. 
gi<nc»4m"  PUU.  Tinne.  i>f  Uie  Hm'.  8i)C,  l.ondoa,  Vol.  183,  aad  Joura.  of  Piiysfol..  Vol. 
33:  Cavuizniii,  Ceutralb).  r  Ptiyalnl.,  Bd.  6. 
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formed  ia  the  animal  body,  and  in  fact,  at  least  on  prolonged  sturation, 
from  the  protein  sabBtaaces  of  the  body.  According  to  Contejeak  the  sagar 
is  partly  if  not  entirely  derived  from  the  fats,  bat  according  to  the  investiga- 
tions  of  LuSK  snch  an  assumption  is  not  admissible.  When  sagar  ia  formed 
from  proteid  2.8-2.86  parts  angar  occnr  for  every  1  part  nitrogen  in  the 
nrine  (Minkowski  and  CHAUYEAn) ;  sttU  Contejean  fonnd  a  considerably 
greater  quantity  of  sugar  in  phlorhizin  diabetes,  which  led  him  to  the  above 
view.  According  to  Lusk  a  relatively  greater  quantity  of  sagar  is  elimi- 
nated the  first  day,  by  a  washing  ont  of  the  sngar  present,  bat  then  the 
relationship  of  2.8  :  1  occnrs  and  the  sngar  formation  seems  actually  to  be 
derived  at  the  expense  of  the  proteids.  The  quantity  of  sagar  in  the  blood 
is  not  increased  but  rather  diminished  in  phlorhizin  diabetes  (Minkowski), 
which  tends  to  show  that  an  abnormal  elimination  of  sngar  takes  place 
through  the  kidneys.  This  statement  Is  dispnted  by  certain  investigators^ 
Levene  and  Favy,  and  the  question  is  sitU  onaettled.' 

With  the  exception  of  phlorhizin  diabetes,  which  is  dependent,  accord- 
ing to  the  ordinary  views,  upon  a  change  in  the  kidneys,  all  other  forms  of 
glycosuria  or  diabetes,  as  far  as  known  at  present,  depend  on  a  hyperglu* 
cmmia. 

A  hyperglacsemia  may  be  caused  in  various  ways.  It  may  be  caoaed, 
for  example,  by  the  introduction  of  more  sugar  than  the  body  can  destroy. 

The  property  of  the  animal  body  to  assimilate  the  different  varieties  of 
sugar  has  naturally  a  limit.  If  too  mach  sngar  ia  introdnced  into  the  intes- 
tinal tract  at  one  time,  so  that  the  so-called  assimilation  limit  (see  Chapter 
IX,  on  absorption)  is  overreached,  then  the  excess  of  absorbed  sngar 
passes  into  the  urine.  Thia  form  of  glycosuria  is  called  alimentary  glyco- 
suria,* and  it  is  caused  by  the  passage  of  more  sngar  into  the  blood  than 
the  liver  and  other  organs  can  destroy. 

As  the  liver  cannot  transform  all  the  sugar  into  glycogen  which  comes- 
to  it  in  alimentary  glycosuria,  it  is  possible  that  a  glycosuria  may  be  pro- 
daced  also  under  pathological  conditions  even  by  a  medium  amount  of 
carbohydrate  (100  grms.  glucose)  which  a  healthy  person  could  overcome. 
This  is  the  case  among  others  in  various  affections  of  the  cerebral  system  and 

>  Id  regard  to  the  literature  on  phlorhtzlii  diabetes  see:  v.  Hering,  Zeitochr.  f.  kiln. 
Med  ,  Bdd.  U  and  16;  Minkowski,  Arch.  f.  exp.  Path.  u.  Pbarm.,  Bd.  81 ;  Moritz  and 
Prauenilz,  Zeitschr.  f.  Biologie.  Bdd.  37  and  29;  KdIz  nod  Wright,  Md.,  Bd.  37.  B.  181; 
Creiner  and  Ritter,  ibid.,  Bdd.  28  and  29;  Cootejean,  Compt.  rend,  de  Soc  blol..  Tome 
48 ;  Lusk,  Zeitschr.  f.  Biologie,  Bd.  86 ;  Levene,  Journal  of  Phyalol.,  Vol.  17 ;  Pavy, 
ibid..  Vol.  20. 

'  Id  regard  to  alimentary  glycosuria  see  Moritz,  Arch,  f,  klfn.  Hed.,  Bd.  46,  which 
also  contains  the  older  literature;  B.  Rosenberg,  "Ueber  das  VorkommeQ  der  alimen- 
taren  Glykosorla,"  etc.  (Inaug.-Dissert.  Berlin,  1897);  van  Oordt,  MQach.  med.  Wochea- 
srhr..  1898. 


OLYCCKSUIilA  221 

in  certain  chronic  poisoning.  Seegen  includes  tbelightarfomis  of  diabetes 
in  this  class  of  glyooeitria. 

We  differentiate  between  liglit  and  eevero  fomiB  of  diabetes.  In  the 
first  the  urine  contains  sugar  011I3-  when  carbohydrates  arc  taken  aa  food, 
vhile  in  the  otber  case  the  urine  contains  sugar  ereu  with  food  entirely 
free  from  carbohydrates.  According  to  lite  view  of  Seegek  and  others,  in 
light  forms  of  diabetes  tlie  liver  is  incspahlo  of  transfonning  oil  the  carbcH 
bydrates  introduced  into  glycogen,  or  to  utilize  this  in  a  normal  way,  and 
the  activity  of  tbe  liver-cella  is  atgo  reduced  or  changed  it)  tliese  cases. 

A  byperglucft-mia  which  ])asEes  into  a  glycosuria  may  also  be  brooght 
about  by  au  excessive  formation  of  sngar  from  the  glycogen  and  other  bodies 
within  the  animal  body. 

The  so-called  piqiire^  and  also  probably  those  glycosurias  which  occur 
after  other  lesions  of  the  nervons  system,  belong  to  tlieabore  gronp  of  glyco- 
surias. The  glycosuria  produced  on  poisoning  with  carbon  monoxide, 
curare,  stryphnin,  morphin,  etc.,  also  lielongs  to  this  group.  That  the 
glycosuria  prrxlured  in  these  caAe>t  is  due  to  an  increased  transfonuation  of 
tbe  glycogen  follows  from  tbe  fact  that  no  glycosuria  appears,  nnder  the 
abore- mentioned  circnmstanoes,  when  the  liver  has  been  previously  niade 
Iroe  from  glycogen  by  starvation  or  other  means.  In  other  cases,  as  in 
carbon-monoxide  poisoning,  the  sngar  is  probably  derived  from  the  proteids, 
because  glycosuria  only  occurs  in  those  caaes  where  the  i)oi9oncd  animal  has 
a  snflicient  quantity  of  proteid  at  its  disposal  (.Stkaub  and  Kobexstein  '), 
Proteid  starvation  with  a  sinmltaneously  abundant  supply  of  carbohydrates 
canmes  this  glycosuria  to  disappear. 

A  byi>erp!iica'niia  with  glycosuria  nmy  also  be  cansed  by  a  decreased 
likctirity  of  the  auimnl  body  to  consume  or  destroy  the  sugar.  In  this  case 
the  sugar  must  aoonmnlate  in  the  blood,  and  the  formation  of  severe  coses 
of  diabetes  mellittis  is  now  generally  explaineil  by  this  itrocesa. 

Tbe  inability  of  diabetics  to  destroy  or  coiiBuiiie  the  sugar  does  not  seem 
to  be  connected  with  any  decrease  in  the  oxidation  energy  of  the  cells. 
A]>art  from  the  fact  that  the  oxidation  processes  are  not  diniitiiabed  generally 
in  diabetics  (Schi'LTZE.v,  Xesck:  and  SiEnER'),  it  most  lie  remarked 
that  tbe  two  varieties  of  sugar,  dextrose  and  l»?vnIo8e,  which  are  oxidized 
with  the  ramie  readiness,  act  differently  in  diabetics.  According  to  KClz 
and  otlier  investigators  la^vulose  is,  contrary  to  dextrose,  utilized  to  a 
great  extent  in  the  organism,  and  may  even  cause  a  deposit  of  glycogen 

■  Sec  Bock,  PQOger'a  Arch..  Bd.  B;  Bock  and  Eoffinsnn.  Expt.  8iiidleii  nbcr  Dlaticles 
(Bortiti.  tft7J)  CI.  Bemird.  Li-codb  stir  le  disWie  (Pnri*"!;  T.  ,\riik(.  Zcirschr.  f-  pliy»(ol, 
Cbcm  ,  Ibl.  in.  &  85l;8tiituti.  Airb  f.  cxp.  Halli.  11.  Pljarni,,  B<l.  38;  ltc»«i»l«lD,  ibid., 
Btl.  40. 

*  S'liiiliwn.  Bcrl.  fclln.  Wocben»chr.,  1S73 ;  Keitckl  and  Sieber,  Joum.  f.  pnkl. 
Ctieiii.  iS.  F  >.  Bd.  36,  S.  85. 
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in  the  lirer  in  animals  with  panoreaa-diabetes  (Minkowski').  The  com- 
bustion of  proteid  uml  fat  takes  pliice  ns  in  lieaUlij  siiibjects,  ami  the  fat  is 
completely  burnt  into  ctirbuii  tlioxide  uini  water.  In  ttits  diabetes  tbe 
ability  of  the  cells  to  utilize  especially  the  dextrose  soffere  dimmntion,  and 
tbe  explanation  of  thia  baa  been  sought  in  the  fact  that  the  glocoee  is  not 
preTi<)UHly  split  before  combustion. 

According  to  Bieml*  an  experimental  diabetes  can  be  prodnced  in  dogs 
by  t))o  exclusion  of  the  chyle  and  lymph  current  by  ligutariug  the  thoracic 
duct  or  by  leading  the  dnct-lyuiph  to  tbe  ontside. 

There  are  abo  certain  inTeetigatoni  who  consider  that  diabetes  is  doe  to 
uii  iiicrtftsed  production  of  sugar  in  the  liver — a  view  which  has  received 
soniB  support  in  the  artiiicially  produced  pancreas-diabetes  (Chavvbau, 
Kaufmann,  Catazzaki). 

The  investigations  of  MiKKon-gKi,  V.  Mekivo,  IloMESiris,  and  later 
inrestigators '  liare  lihowu  that  ii  true  diabetes  of  a  severe  kind  is  caused 
by  tba  total  extirpation  of  the  pancreas  of  many  »i  ini.Os,  especially  dogs. 
As  in  man  in  severo  forms  of  <3iji.bete3,  so  aUo  in  doge  with  iJaucreae- 
diabetes  an  abundant  elimiDntion  of  eugar  takes  place  even  on  the  complete 
exclusion  of  carbobydratea  in  the  food,  and  the  formation  of  sugar  in  these 
cases  is  derived  from  tlie  priitetn  substances.  Tt  seems  in  man  with  diabetes 
that  the  ability  of  the  sugar  destruction  is  nerer  quite  arrested.  In  dogs 
with  pancreas -diabetes  Minkowski  ami  v.  M^eiinu,  as  also  IIedon,'  haTe 
been  able,  in  ;i  ivv/  (ra.seB,  to  detect  tlmt  the  toUd  quantity  of  sugar  intro- 
diicetl  into  tiie  fr>od  pii-ssDd  into  the  urine. 

Artificial  pancrGae-diabetes  may  also  in  other  respects  present  exactly 
the  Biune  pictnre  ta  diabetes  in  man;  but  we  are  not  united  as  to  thecanse  of 
this  diabetes.  According  to  tbe  Oavazzasi  brothers,  as  well  as  Ciiauveac 
and  KAfFMANN,*  pancreas-diabetes  is  not  or  not  entirely  eaosed  by  a 
diminished  consnmptiou  of  t)ie  nortiial  qnanlity  of  sugar  formed,  but  to  an 
abnormally  increased  formation  of  ^cigor.  From  tliis  it  follows  tliat  the 
pancreas- gland  has  a  regulating  action  on  the  formation  of  sagar  in  the 

■  KUlz.  Belirftce  tnr  Patli.  u.  Tbentp.  de«  PiRbeles  iik-I11iub  (Marburg.  1874).  Bd.  1*. 
Weiutmud  mill  Lavi-ii,  7tciisehT.  f.  physiol.  Cbeni.,  Ud^  19;  llHycnift,  Hid.;  Miukowskl, 
Arch,  r.  cx[i.  Pnth.  u.  PLmrm.,  Bd.  3L. 

•Ccnt.nlLl.  f.  Pl.ysiol..  Bel.  13 

■  See  Miukowakf,  Cntcirsncliun^eu  [tber  Ointieten  melljlus  iiiicti  RxMir{uilinii  i\e» 
Pankrens  ([xipzfg,  ld98j ;  v.  Noorrien,  *' Die  Ziickcrkrunkhrit  "  (BerUu.  ltfB6).  wtiich 
conlaiiiA  II  very  copiotia  index  af  ihv  Ihemlnre.  In  rtignrd  to  diub'eti^  see  sImj  CI.  Ber- 
n&ni,  Li'^ona  »iir  le  diabt^te  (PhHb),  tind  Si'egen,  Die  Zuckorbitdutij^  lin  TliicrkOrper 
(Berlin.  1890t. 

*  He.]nn.  Arrli-  <Ic  Pliyslol.  (S).  Tome  5. 

'  Cuviirjuidi.  C«)]lnilbl.  t.  PIiysEol.,  Bit.  7:  Chfiuveati  nud  Kiiufmann.  Mem.  Soc.  bW-, 
1893;  Kaiifiunnu,  Arcb.  do  Pbyslol.  (5),  Tome  T,  aad  Coiiipu  read,  de  Soc.  bio).,  Tdcm 
47. 
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liTer,  a  retarding  action  which  ii  caased  bv  an  unknown  prodact  of  the 
internal  secretion  of  the  jiutiureas,  and  which  is  absent  on  the  extirpation  of 
tlie  gland.  KArPMAXN  has  made  many  investigations  in  support  of  this 
view^  Among  other  things,  he  lias  alao  shown  that  on  the  extirpation  of 
the  pancreas  in  hrpergluca>mic  auimais  the  quantity  of  blood  is  quickly 
diroinislied  on  catting  out  the  livor  or  the  portal  circulation.  MoNTi'OUl ' 
haa  arriTed  at  similar  results,  since  the  larg^  fjuantity  of  sugar  in  the  blood 
of  dogs  on  ligaturiug  the  pancreas-Tessela  was  diminished  on  eabsequently 
ligatoring  the  liTer-Te«Be!s.  KArsc^*!!  has  made  similar  observations  on 
birds  with  extirpated  pancreas  and  snbeeqnent  lifer  extirpation,  and 
Marcl'se*  has  likewise  shown  that  the  simultaneons  extirpation  of  the  liver 
anj  pancreas  of  frogs  caut»ed  no  glycosuria  in  any  case  (among  10),  while  the 
extir[iation  of  the  pancreas  alone  in  Vl  animals  operated  upon  (out  of  19) 
caused  a  diabetes. 

There  remains  no  donbt  that  a  certain  relationsbip  exists  between  the 
lirer  and  the  elimination  of  sugar  after  the  extirpation  of  the  pancrt^os, 
although  the  observations  do  not  lead  to  any  positive  conclusion.  The 
investigations  of  Minkowski,  Hedon,  LiNcKKArx,  Thibolois,  and 
others*  make  it  probable  that  special  cliemical  prodncta  of  the  internal 
secretion  of  the  pancreas  are  here  active.  According  to  these  investigations 
a  sabcutaucously  transplanted  piece  of  the  gland  can  completely  perform 
the  fanctiona  of  the  i)Ancreas  as  to  the  sugar  exchange  and  the  sngar  etirai- 
nation,  because  on  the  removal  of  the  intra-abdominal  piece  of  gland  the 
animal  in  this  case  does  not  become  diabetic.  But  if  the  eiibcutaneoiisly 
imbedded  piece  of  puncroas  is  then  subsoqncntly  removed,  an  active  elimina- 
tion of  sugar  a])peara  immodiately. 

We  know  nothing  in  regard  to  this  chemically  acttve  snbstanco  (or  sab- 
stancei).  Lbpike's  assumption  that  a  glycolytic  enzyme  is  specially  formed 
in  the  pancreas  has  boon  shown  not  to  be  sufficiently  founded.* 

The  Bile  and  its  Formation. 

Bj  the  establishment  of  a  biliary  Gstnia,  an  operation  which  was  Grst 
performed  by  Schwann  in  184-4  and  which  1ms  been  improved  lately  by 
Dastbe,'  it  ia  possible  to  study  the  secretion  of  the  bile.  This  secretion  is 
continuous,  bnt  with  varying  inteosity.     It  takes  place  under  a  very  low 

■  Bee  Xa]f>  Jftbrcsber.,  B<l.  SO. 

*  Kaiiwh,  Arch.  f.  «xp.  V^lh.  u.  Pharin..  Bd.  87;  Marcuae.  Du  Boli-ReTtnoiiii's 
Arcb.,  18B4.  S.  038. 

■6m  Klukowtki,  Arcb.  t.  exp.  Patli.  u.  Pbarm.,  Bd.  81, 

*  Ibiit.;  H6ilon.  Disbi^lu  Paiirr(alU|iin,  Trnvnux  ilv  PbysluJugle  (LnboratutrB  lie 
>Iootpe)lier,  1d08).  nod  foot-Dolo  T),  pnge  133. 

■ScbwROD,  Arcli.  r.  Anat.  u.  Plijraiul.,  1844;  Diiativ.  ArcU.  ile  PUjrslol.  (B),  Tume  3. 
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preasnTe;  therefore  an  appHrently  iinimpoTtAnt  hindrance  in  the  ontflow  of 
the  bile,  niimely,  a  stoppii^^e  of  mncns  in  the  exit  of  the  eecrelion  of  large 
qaautities  ol  viscous  bile,  may  cause  stagnation  anil  absorption  of  the  bile 
by  mcatiB  of  the  lymphatic  Teseels  (absorption  icterus). 

The  qnantity  of  bile  secreted  in  the  24  houra  in  dogs  OAn  Iw  exactly 
determined.  Tiie  cpmntity  secruted  by  dillerent  animals  TBiies,  and  the 
limits  are  2.fl-^)ti.-t  gni.  bile  per  kilo  of  weiglit  in  the  34  hoare.' 

The  statements  as  to  the  extent  of  bile  secretion  in  man  ore  few  and  not 
to  bo  depended  on.  Kanke  found  (uBiug  a  method  which  is  not  free  from 
criticism)  a  secretion  of  1^  gm.  bile  with  0.44  gm.  solids  per  kilo  in  24 
hnnre.  Noei.-Paton,  JlAVO-itousos,  II.\mmarstek,  and  Ppafp  and 
Bau'ii  *  bare  found  u  variation  between  514  and  9.^0  c.c.  per  24  honra. 
Such  determinations  are  of  doubtful  Talue,  becaase  in  most  cases  it  folIoTS 
from  the  cmiipottitton  of  the  colleoted  bile  that  we  are  not  dealing  with  a 
secretion  of  normal  liver-bile. 

The  quantity  of  bile  secreted  is,  however,  as  specially  shown  by  Stadrl- 
Manx,*  subject  to  Eucli  great  variation  even  under  pbvsiological  conditiona 
that  ttie  study  of  these  circamstaDcea  which  inlhtence  the  secretion  is  very 
difficult  and  nucertain.  The  contradictor}'  statements  by  different  investi- 
gatont  may  probably  be  explained  by  this  fact. 

In  stHrvntioii  the  secretion  diniinisbee.  Accoriling  to  Liikjakomt  and 
Alrf.rtoki,'  nnder  ttiese  conditions  the  absolute  qnantity  of  solids  decreasee^ 
while  the  relative  <inautity  increaues.  After  partaking  of  food  the  secretion 
increases  itgain.  The  statements  are  very  contradictory  in  r^ard  to  the 
time  necessary  after  partaking  of  food  before  the  secretion  reaches  its  maxi- 
mam.  After  a  careful  examination  and  compilation  of  all  the  existing 
statements  1Ii:ii)KN'iiAiy  ^  boa  come  to  the  conclusion  that  in  dogs  the  curve 
of  rapidity  of  secretion  shows  two  maxima,  the  first  at  the  ^d  to  Atb  hour, 
and  the  second  at  the  I3tli  to  IStb  hour,  after  partaking  of  food. 

According  to  the  older  statementB,  the  proteids,  of  all  the  various 
foods,  cause  the  greatest  secretion  of  bile,  while  the  carbohydrates  diminish, 
or  at  least  excite  miicii  less  than  the  proteids.  It  is  nevertheless  positiva 
that  an  increa.se  in  the  bile  secretion  takes  place  after  a  coDtinuons  over- 

^  la  rvgani  lu  llie  qiiuiii  ily  nf  liilc  oecrvtril  in  animnlft  cee  HvJilenUein.  Did  Gnllcuib- 
•oiKKTuug.  lu  ilcriiiiiuirg  ElADdbiicli  iler  Pliysiol..  Bd.  $,  ood  Static Lmnnti,  Dcr  Icterus 
UD(1  wine  viTsc-biL-dL'tii-ii  FitrinLM  (Slull^irt.  l}4i)l] 

'  Rantce.  Die  Blti(rertbi'il>iiig  ntid  iler  Tlifti!gkcti»wfcl)S*l  Oor  Orgnoc  (Lvfpzig, 
1871);  N.rfll  I'jitoti.  lEi-p,  l,iib,  Ihiy.  CxA\.  Ediuliuritb.  Vi»!.  3  :  Mayo-Rolwun,  Proc.  Roy. 
Sew.,  Vol.  -17;  IIiiiiiJiiHiKien.  >'ovii  net.  Va%.  Soc,  ^ifUl.  Uiwnia  (:i),  \\<\.  16;  Pfsff  sod 
Bslch.  Joiim.  of  Exp.  Me-J,.  189;. 

1  SluilcInuiuD,  Uvr  IckniH,  elc.    Stiill^rt.  I89L. 

*  Ltikjnnow,  Zeiiscbr.  f.  pliyaioL.  Ohem.,  Bd.  Ift;  AlbetlonE,  Rniberclies  sur  U  Mtcrh 
lluQliilfalre.     Turin,  189:j. 

*  Uennanu't  Handb..  Bd.  6,  uid  Stndclmann.  Der  Icterus,  etc. 
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abandant  meat  diet.     The  authorities  are  by  no  means  agreed  aa  to  the 

action  of  tlie  fate.  While  iimrir  older  investigatora  Imve  imt  obsen'ed  auj 
increaF«,  bnc  mtlier  the  revenso,  in  the  secretion  of  bilo  after  feeding  with  fatB^ 
the  researches  of  Bakuera  show  an  increase  in  the  secretion  of  hile  on  the 
jutroductioD  of  fat  per  08.  According  to  Kosenueku  olive-oil  is  a  strong 
cholagogiie — a  statement  which,  according  toother  inveati  gators,  Masdi:!.- 
STAMM,  DoYOX  and  iitFoi'KT'  is  not  sntiiciently  proved. 

The  qa««tion  whether  there  exist  special  rnciicinal  bodies,  so-called 
cholagognes,  which  have  a  specific  exciting  action  on  the  secretion  of  bile 
baa  been  answered  in  rery  different  ways.  Many,  especially  the  older 
inTesttgatorK,  have  observed  an  increase  in  the  bile  secretion  after  the  use 
of  certain  therapeutic  agents,  sDch  as  calomel,  rhnbarb,  jalap,  tnrpentine^ 
olive-oil,  etc.;  while  others,  especially  the  later  iDTestigators,  hare  arrived 
at  quite  opposite  resalts.  From  all  appearances  this  contradiction  is  dne  to 
the  great  Irregularity  of  the  normal  secretion,  which  may  be  readily  mis- 
taken in  tests  with  therapentic  agents. 

SciiiFf's  TJew,  that  the  bilo  absorbed  from  the  intestinal  canal  increases 
the  secretion  of  bile  and  liencc  acts  as  a  cbolagogiio,  seems  to  be  a  positively 
proven  fact  by  the  inTeatigations  of  several  experimcnten.*  Sodium 
Raticylate    is    also    perhaps    a    cholagogue    (Stadeujans,    Ddtos    and 

L)LruUKT). 

The  bile  is  a  mixture  of  the  secretion  of  tlie  liver-cells  and  the  so-called 
mncuA  which  is  secreted  by  the  glands  of  the  biliary  passages  and  by  the 
mncons  membrane  of  the  gall-bladder.  The  secretion  of  the  liver,  which  is 
gBncrally  poorer  in  solids  than  the  bile  from  the  gall-bladder,  is  thin  and 
clear,  while  the  bile  collected  in  the  gall-bladder  is  more  ropy  and  riecons 
on  Eocount  of  the  absorption  of  water  and  the  ailmixture  of  *'  mucns,"  and 
clottdy  beoaase  of  the  admixtaro  of  cells,  pigments,  and  the  like.  The 
apectfic  gravity  of  the  bile  from  the  gnil-bladder  varies  considtrably,  being 
in  man  between  l.OIO  and  1. 010.  Its  reaction  is  alkaline  to  litmoa.  Tlie 
color  changes  in  dillerent  animals:  golden  yellow,  yellowish  brown,  olire- 
brown,  brownish  green,  grass-grei^M,  or  blnish  green.  Bile  obtained  from 
an  executed  person  immediately  after  death  is  ordinarily  golden  yellow  or 


*  B&rb^m.  Bull,  ilella  <>cicnt.  niL-d.  ill  Bologna  (7).  b,  and  Mnly'a  Jflbmbcr.,  Bd.  34: 
Roseolicr^.  l*flQgcr't  Arch,,  Ikl. -tC;  Mitnilclftlftinin.  Uebi-r  den  Kinlliias  eliiigur  Arznel- 
niltel  silf  S«krc(ton  uikI  ZiuKatmciisutzung  ilcr  GuMe  fDlatiGrl.  l>or)uit,  1690)i  Doyon 
sud  DufoiiM,  Arcli.  ck-  Pliyaiol.  (3).  Torti«  9.  In  rcgitrd  tu  llie  nctlirn  of  rarlous  fonds 
on  ike  flecri'tloQ  of  bile  mo  n^ioi  Ileldcntidii,  I.  c.  ;  Hintldmnnii.  Dit  Icionis ;  lud  Bar 
W™.  I.  e. 

*  Scbiff.  PUligcr'a  Arcli,,  B-l.  8.  8<e  KtHilelniTiiiii.  Her  Icivrm*,  mid  ihe  i)Ua«rtallous 
of  li(s  [iiipllB,  ufiiwrially  Winuli-r,  '"  Kx|)vriiiiLniti-1lc  ItvltHlgi;  zur  Frngc  dea  Krtfslstifes 
der  Guile  "  lIiimig.-Diss.  I>or[>at.  |Hfl5).  Mid  GantKr.  '•Expcrirneiitelle  Brllrllge  zur 
Pliyiiol.  und  I'biIi.  dcr  Uullen-ckmimi  "  (Iniiug.-l)iEs.  Jiirjew,  18911);  also  StadelmuiD. 
•*  Celwr  dvD  KreWauf  der  Oftilo."  Ztluchr.  f.  Biologic.  Bd.  84. 
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yellow  with  a  eTiade  of  brovn.  Still  cases  occur  in  which  fresh  human  bile, 
from  the  gall -bind  dor,  haa  a  green  color.  The  ordinary  post-mortem  bile 
]itia  a  variablo  color.  The  bile  of  certain  auimuls  lias  a  peculiar  odor;  u 
exMiiiplo,  ox-bile  has  an  odor  of  mnsk,  espcclaHy  on  warming.  Ttie  taste 
of  bile  is  also  dilTereut  in  diJTereut  animals.  Uuman  as  well  aa  ox  bile  hai 
a  bitter  taste  with  a  sweetish  after-Uiste.  The  bile  of  the  pig  and  rabbit 
has  ail  intense  persistent  bitter  taate.  On  heating  bile  to  boiling  it  does 
not  coagulate.  It  contains  (in  the  ox)  ool;  traces  of  true  mucin,  and  its 
ropy  properties  depetiii,  it  t^eeme,  cliielly  on  the  presence  of  a  nncleoalbtimiD 
simiiiir  to  mucin  (PAiJKfU.).  IIasimailsten'  '  hue,  on  the  contrary,  fonnd 
true  mucin  in  humaik  bile.  The  specific  constituents  of  the  bile  are  ^t7«- 
acids  combioed  with  alkalies,  bilf -pigments,  and,  besides  small  qaautitiesof 
lecithin,  chahsteririt  soaps,  neutral  fnls,  urea,  and  mineral  subslanceji, 
chiellr  chlorides,  besides  phosphates  of  calcium,  magnesium,  and  iron. 
Traces  of  copper  aUo  occur. 

Bile  Baits.  The  thus-far  boat  stodied  bile-acida  may  be  iliTided  into  two 
groiip!4,  the  tflycQckolic  and  tnurorhoUc  acid  gronps.  As  found  bv  Uam- 
MAUSTi^N,*  a  third  gronp  of  bile-acids  occur  in  the  shark  and  probably  alio 
iu  other  animals.  They  are  rich  in  sulphur,  and  like  the  ethereal  sulphnric 
acids  they  split  ofT  sulphnric  acid  on  boiling  with  liydrochloric  acid.  All 
glycocholic  acids  contain  nitrogen,  bat  are  free  from  solphar  and  can  be 
split  witli  the  addition  of  water  into  glycocoll  (amido-ocetic  acid)  and  a 
iiitrogeti-free  aciJ,  cholalin  acid.  All  tanrocholio  acids  contain  nitrogen 
and  siilphnr  and  are  split,  with  the  addition  of  water,  into  taurin  (aniido- 
ethyUulphonic  acid)  and  cholallc  acid.  The  reason  of  tlie  existence  of 
diUfcreot  glycocholic  and  taurocbolic  acids  depends  on  the  fact  that  there 
are  sereral  cholalic  acids. 

TbeooujugntcJ  bils  actcl  found  In  thn  sbark,  B.nd  (sllcd  Srymiot  rtiiphurie  acid  bj 
Hamuakstkn  jidiln  jis  Cieavng«  products  sulphuric  acid  and  a  ncio-nitroreuoiw  tno- 
•tsDce,  fci^mii'il  fO,tl[i.*^.l.  wliicli  gives  the  cba,ractcriKC(c  color  renctfonsof  cncliiticacid. 

The  ditTerent  bile-acids  occur  in  the  bile  as  alkali  salts,  generally  io 
combination  with  godium,  bat  in  sea-Qshes  as  potaasinra  salts.  In  the  bile 
of  certain  animula  we  Gnd  almost  solely  glycouholic  acid,  in  others  only 
taiirocliolic  acid,  and  in  other  animals  a  mixture  of  both  (see  below). 

All  alkali  salts  of  the  biliary  acids  are  soluble  io  water  and  alcohol,  bnt 
iusoluble  in  ether.  Tikeir  solution  in  alcohol  is  therefore  precipitated  by 
ether,  hiuI  this  precipitate,  with  the  proper  cjire  in  manipulation,  givea,  for 
nearly  all  kinds  of  bile  thus  far  iiiTestigated,  rosettes  or  balls  of  fine  needles 
or  4-*j-sided  prisma  (Plattser's  crystallized  bile).     Fresh  human  bile  also 


■  Paljkiill,  Zeltsclir.  f.  pbyalol.  Clicm.,  Bd.  12;  HammarsteB,  1.  c.  Nuta  Act  (3), 
B<l.  16. 

*  Humniarsten,  ZuilMlir.  f.  pljyrial.  Chetn.,  Bd.  2i. 
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crystallizCB  readily.  The  bile-acids  and  their  salts  are  optically  actire  and 
dextro-rotatory.  The  forrner  are  dissolreil  by  concentniteil  sulplitiric  acid 
at  the  ordinary  temperatare,  forming  a  reddish-yelloTr  liqaid  which  has  a 
beaatlful  green  flaorescence.  On  carefully  warming  with  concentrated 
Biilphitric  acid  and  a  little  cane-aagitrf  the  hile-acids  give  a  beaiitiftU  cherry- 
red  or  reddish-Ttolet  liquid.  Pettenkofer's  reaction  for  bile-acids  is  based 
on  thifl  behavior. 

Pkttkxkofkh's  test  for  biie-aciih  is  performed  as  follows:  A  small 
qaantity  of  bile  in  subiitance  is  diftMlTe<l  in  a  Bniall  porcelain  dish  in  con- 
centrated snlpbaric  acid  and  warmed,  or  some  of  the  tiqnid  containing  the 
bile-acids  is  niiied  with  concentrale^l  Btiljihuric  acid,  taking  special  care  in 
both  cases  that  the  temjieratnre  does  not  rise  higher  than  60-70°  C.  Then 
a  10^  Bolntion  oF  cane-sngar  is  added,  drop  by  drop,  continnally  stirring 
with  a  glass  r«l.  The  presence  of  Vvile  is  indicated  by  the  prodoction  of  a 
beaatiful  red  Hqaid,  whose  color  does  not  disappear  at  the  ordinary  leni- 
peratnre,  but  becomes  more  bluish  Tiolet  in  ttie  conne  of  a  day.  This  red 
liqnid  shows  a  epectriiin  with  two  absorption -bands,  llie  one  at  /*and  the 
other  between  D  and  K,  near  K. 

This  extremely  delicate  test  fails,  however,  when  the  solntion  is  heated 
too  high  or  if  an  improper  *[iinntity — generally  too  much — of  the  sngar  is 
added.  In  the  laet-mentioned  t-Hse  the  eugar  eaelly  carbonizes  and  the 
test  becomes  brown  or  dark  brown.  The  reaction  fails  if  the  snlphario 
acid  contains  snlpharona  acid  or  the  tower  oxides  of  nitrogen.  Many  other 
sabstonces,  such  as  proteids,  oleic  acid,  nniyl  alcohol,  inorphin,  and  otliers, 
give  a  similar  reaction,  and  therefore  in  donbtfiil  oases  the  spectroscopic 
examination  of  the  red  solution  must  not  be  foi^otteu. 

PmENKoFEH's  tost  for  the  bile-acids  depends  essentially  on  the  fact 
tlrnt  fnrfarol  is  formed  from  the  sngar  by  the  sulphuric  acid,  and  this  body 
can  therefore  be  substituted  for  the  Btigar  in  this  test  (Mylu's).  Accord- 
ing to  MTLits  and  v.  Vuranszky  '  a  1  p.  in.  sohitiun  of  furfurol  should 
be  used.  lUasolve  the  bile,  which  must  first  be  puriHed  by  animal  clmrcoul, 
in  alcohol.  To  each  c.c.  of  alcoholic  solntion  of  bile  in  a  test-tube  add 
1  drop  of  the  farfurol  solntion  and  1  c.c.  cone,  sulphnric  acid,  and  cool 
when  necessary  so  that  the  test  does  not  become  too  warm.  Thiij  reaction, 
when  performed  aa  described,  will  detect  Vr-ri  nnillignnt  nhnlulic  acid 
(v.  UnRANszKY).  Other  modifications  of  Pkttrnkofer's  test  have  been 
proposal. 

Olycocholic  Acid.  The  constitntion  of  that  glycooholic  acid,  occurring 
in  human  and  ox  bile,  which  has  been  most  studied  is  represented  by  the 
formula  C\,II„NO,.  Glycocholic  acid  is  absent  or  nearly  so  in  the  bile  of 
carnivont.  On  boiling  with  acids  or  alkalies  Uiis  acid,  which  is  analogniui 
10  hippnric  acid,  ia  converted  itito  cholulic  acid  ui]d  glycocoll. 


lijrilut,  Zi-iudir.  (.  pliytlul.  Cbcm..  B<l.  U;  ▼.  Udnuk&ky,  Md..  Bd.  IS. 
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GlycocUolic  iicid  crystallizes  in  Gne,  co1orl«fle  needles  or  prisms.  It  li 
soluble  with  difTicalt;  in  water  (iu  aboat  300  parts  coUl  and  120  parts  boil- 
ing water),  and  is  easily  precipitated  from  itg  alkali-salt  solntion  bj  the 
addition  of  ililnte  mineral  acids.  It  is  readily  soluble  in  strong  lUcobol,  tut 
with  groat  difliciiUy  in  ether.  The  solutions  hare  a  hitter  hut  at  the  same 
time  swuetish  taste.  The  salts  of  the  alkalies  and  alkaline  earths  are  aoliihle 
in  alcohol  and  water.  The  salts  of  the  heavy  metuls  are  mostly  insoluble  or 
soluble  with  ilifliouUy  in  water.  The  solution  of  the  alkali  salts  in  water  is 
precipitated  by  sugar  of  lead,  copper-oxide  and  ferric  salts,  and  silrer  nitrate 

The  preparation  of  pure  glycocholio  acid  may  be  performed  in  several 
ways,  ue  may  precipitate  the  bJla,  which  lias  been  freed  from  mucus  bv 
means  of  alcohol  aud  the  alcohol  removed  by  evaporatioD,  by  a  solntioa  of 
lead  acetate.  Tlie  jirecipitiite  is  then  decomposed  by  a  soda  solution  and 
heat,  evnporateil  to  dryness,  aud  the  residue  extncted  with  alcohol,  which 
disjolvcfl  tho  alkali  glycocliohite.  The  alcohol  is  distilled  from  the  filtered 
solution  and  the  residue  dig^oWcd  in  water;  this  solution  is  now  decolorized 
by  atiimnl  cliarcoal,  aud  tho  glycc'cholic  acid  precipitated  from  the  solution 
by  the  addition  of  a  dilute  mineral  acid.  The  acid  may  be  obtained  in 
crystals  either  from  boiling  water,  on  cooling,  or  from  strong  alcohol  by  the 
athlition  of  ether.  The  reader  is  referred  to  more  exhaustive  works  for 
ottier  methods  of  preparation. 

Hyo  gl^coohoUo  Aclil,CiiH<,NO,.  U  Uiu  crfsta,l1iQe  slycocbolK:  tcid  obtaitiixl  rroin  (iic 
\A\v.  ol  llic  pii;.  It  in  very  lusulublu  In  wulcr.  Tliv  tilkall  siiliti.  wliiise  uilutiona  liave  no 
ltkU'tiise)y  Ijllter  lasle,  wilhonl  nny  sweetfsEi  afler-taste.  arc  precipitated  by  CaCh,  BaCI,. 
aud  .MetCIi.  niid  may  Iw  Kiltoil  mil  liku  u  mu|)  liy  NnjaO,  wlica  adduil  in  huQIcIimic 
qiiatiiftj-.  Bl-sIiIc'S  tb'js  acid  theic  occur?  id  thi;  bUc  of  Ibc  pig  siill  aaotlier  gljcuchulic 
iiri.l  (Joi.is  ) 

Th*  glycaeholite  in  the  bile  nf  ttio  rwleut  \n  also  preripilnled  by  ttie  above-mvntioncd 
snhs,  but  caiiiiul,  like  tli«  correspond  log  «n\\  iu  biiiiiiiu  or  ox  bile,  tw  preripilAleil  nn 
!Jiitirn<Iii(j;  ivlrb  a  nt'iilTnl  salt  (No^SO, ).  Onano  bll*-soid  possibly  bplnngs  tn  ibc  glyco- 
cbolic-acid  group,  anil  ta  foiiod  In  Peruvian  guuuo,  but  liu  not  becD  tborougbly  studied. 

TaurochoUo  Acid.  This  acid,  wliich  is  found  in  the  bile  of  man,  cjir- 
niToro,  oxen  and  a  few  other  herbivora,  snch  as  sheep  and  goats,  haa  the 
coustitntion  C„H„NSO,.  On  boiling  with  acids  and  alkalies  it  splits  into 
cliolalio  acid  and  taurin. 

Taitrocholic  acid  may  be  obtained,  though  only  with  diffionltj,  in  fine 
needles  which  deliquesce  in  the  air  (Parkk').  It  is  very  eolable  in  water, 
and  can  hold  tho  difficultly  soluble  glycocholic  acid  in  solntion.  This  is 
the  reason  why  a  miitnre  of  glycocliolate  with  a  sufficient  quantity  of 
tanrocholate,  which  often  occurs  iu  ox-bile,  is  not  precipitated  by  a  dilute 
acid.  Tatirocliolic  acid  is  remlily  soluble  in  alcohol,  but  insoluble  in  ether. 
Its  solutions  have  a  bitter-sweet  taste.  Its  salts  are,  as  a  rule,  readily  solu- 
ble in  water,  and  tho  solutions  of  the  alkali  salts  are  not  precipitated  by 
copper  sulphate,  silver  nitrate,  or  sugiu*  of  lead.  Basic  lead  acetate  gives, 
on  the  contrary,  a  precipitate  which  is  soluble  iu  boiling  alcohol. 

'  Zttiscbr  f.  pltyslol.  Clit'iii..  Bdd.  13  and  18. 
*  Huppe-Seylvr,  Med.-cbeni.  Unterauch.,  S.  160. 
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Taarocholic  acid  U  best  prepared  from  decolorized,  cnrstallized  dog-bite, 
whirh  contains  only  taurocholnte.  The  solation  of  this  l>ile  is  precipitnted 
bj  basic  lead  act^late  and  ammonia,  and  the  washed  precipitate  diseolved  in 
boiling  aJcohol.  The  filtrate  is  nov  treated  v-ith  FI.S^  and  this  filtrate  is 
eraporated  at  a  gentle  beat  to  a  small  voiuiiie,  aud  treated  with  an  excess 
of  wttter^frce  ether.     The  acid  sometimes  partially  crystallizes. 

Cb«s«-t«oroehoUc  Aeld.  Tbl*  t«  Hie  most  eMenttal  nHd  nt  pooseblle  ittiij  Itas  the 
tortnulft  CkM.iNSO,.  ThU  acid,  tbuugh  little  studied,  ii  uinorplious  sud  soluble  la 
water  Kod  atcobol. 

As  repeatedly  mentioned  above,  the  two  bile-acids  split  on  boiling  with 
acids  or  alkalies  into  imn-tiitrogeiionB  cholalic  acid  and  glycocoll  or  tanrin. 
Therefore  we  will  now  dcj?oril»e  the  prodncts  of  this  oleaTage. 

Cholalic  Acid  or  Cholic  Acid.  The  ordinary  cbolaiic  acid  obtained  as  a 
decomposition  product  of  htinian  and  02  bile,  which  ocoars  regnlurly  in  the 
contents  of  the  intestine  ami  in  thi^  iiriue  in  icterns,  has,  according  to 
Streckeb  and  nearly  all  recent  investigators,  the  constitution  C,,U„0,. 
According  to  Myuus,'  cholalic  acid  is  a  monobasic  alcohol-acid  with  a 
secondarr  and  two  primary  alcohol  groiipa.     Its  formnla  may  therefore  be 

(CIlOIl 
written  C,,H,,  \  (C'H.OH),.     On  oxidation  it  first  yields  dchyiirocholaUc  acid 

( COOIl 
(Uauharstek),  and  then  hilianie  acid  (Clbve).  The  formnl^p  of  these 
acids  (when  we  take  C„  for  the  cholalic  acid)  are  C,.H,.0,  and  C„H„0,. 
On  stronger  uxidatioti  it  \\Vi\\\'R  trhQUaferinic  and:,  which  has  not  been  care- 
fully studied,  and  finally  phtalic  acid,  as  maintained  bj  Senkowski,  bnt  not 
substantiated  by  Bulhkiu.*  On  oxidizing  cholalic  acid  with  potassinm 
permanganate  Lassaii-Coitn  *  obtained  lirat  dehydrocholalic  acid,  isobitiauio 
and  bilianic  acids,  and  then  oi\  further  oxidation  of  the  latter  with  perman- 
ganate he  obtained  a  new  acid,  cilianic  acid,  with  the  formnla  C,.H„0,  or 
C„U„0„.  On  reduction  (in  putrefaction)  cholalic  acid  may  yield  ticjKwy- 
cAoialic  acid  (Mtliitb).  On  reduction  with  hydrlodic  acid  and  red 
phospboms  PfiEOL  obtained  a  prodnct  which  he  considers  as  a  mono-carbonic 


acid  with  the  forrank  C..H. 


tCH. 


.  (Oil,),.     Senkowski  has  obtained  an  acid 

(coon 

with  the  formula  C„n„0, ,  cholalic  acid^  on  tlie  reduction  of  the  anhydride.' 


'  Tbe  importaot  re«:*rcbf«  of  Strccker  ou  the  bile-»oldii  tnny  be  fountl  Id  Aod&I.  d. 
Cbem.  II- Phftnn.,  Bdd-  6ft,  67,  and  70;  Mytliis,  Ber.  d.  d«uttc>i  cb«Qi.  OcMllscli. 
Bd.  19. 

*  DunmarslcD.  B«r.  d.  d«utsrb.  rbmi.  Oeaellsrli.,  Bd.  14:  C1«re,  Bull.  Soc.  chim., 
Tome  85;  S^ultowski.  Moniilslicrii!  f.  Cljem.,  Bd.  17;  BiiUieim,  KeitiNrlir.  f.  phyWoI. 
Cbcm.,  Bd.  29.  tn  wbicb  the  l]ieraiui«  on  cltoletlcniiic  ncid  may  bv  fouml, 

*  Ber.  d.  doiiturh.  rliem,  (■es(>l)iu'li.,  BH.  It3. 

*  Myllus.  J.  c;  Pregl.  Paoger's  Arch.,  Bd.  71 ;  S^okowftkl.  Houattbefto  f.  Cbem^ 
Bd.  19i 
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Cholalic  acid  crystallizes  parti;  ia  rhombic  plates  or  prisms  with  odo 
molectile  of  water  and  purti;  in  Iiirger  rhombic  tetrahedra  or  octahedra 
with  1  mol.  of  utcohol  of  (TystHllizutiou  (Mtlius).  Thoso  crystalB  become 
qoiokly  opaqae  and  porcelain-wbite  in  the  air.  They  are  qnite  in«o1ablc  in 
water  (in  4000  purts  cold  aod  7&U  parts  boiling),  rather  solnble  in  alcohol, 
but  soluble  with  dlflloiiUy  in  other.  The  ainorphotiij  cholalic  acid  is  less 
inBoltible.  The  solotions  hare  a  bitter-sweetidh  taste.  Tlie  cr^'stals  lose 
their  alcohol  of  crystallization  only  after  a  lengthy  beating  to  100-120°  C. 
The  acid  free  from  water  and  alcohol  melts  at  +  1^5°  C-  I't  forms  a  char- 
acteristic combination  with  iodine  (Mtuus). 

The  alkali  salts  are  readily  solnble  in  water,  bat  when  treated  with  a 
concentrated  caustic  or  carbonated  alkali  solution  may  be  separated  as  an 
oily  mass  which  hucomes  crystalline  on  cooling.  The  alkali  salta  are  not 
readily  solnble  in  alcohol,  and  on  the  eraporatiou  of  the  alcohol  they  may 
crystallize.  The  specific  rotatory  power  of  the  sodiam  salt  is  {a)D  =  + 
31^.4.'  The  watery  solntlon  of  the  alkali  stLlls,  when  not  too  dilate,  is 
precipitated  immecHatoly  or  after  some  time  by  sugar  of  lead  or  by  bariam 
chloride.  The  barium  salt  crystallizes  in  fine,  silky  needles,  and  it  is  rather 
insoltible  in  cold,  but  somewhat  easily  soluble  in  warm  water.  The  barium 
aalt,  as  well  as  the  lead  salt  which  is  iusolnble  in  water,  ia  soluble  in  warm 
alcohol. 

Cholalic  acid  \s  best  prepared  from  ox-bile  by  the  following  method  as 
suggested  by  Mvi-ilm:*  Boll  the  bile  for  3i  hours  with  5  ]>Brt8  ita  weight 
of  a  3()i  canstic-Boda  solution,  replacing  the  water  lost  by  eraporatiou. 
Now  satnrate  the  llqnid  with  CO,  and  evaporate  nearly  to  dryness.  The 
residue  is  extracted  with  90;^  alcohol,  and  this  alcoholic  extract  diluted  with 
water  until  it  contains  at  the  most  'ifH  alcohol,  and  completely  precipitated 
wLtli  a  TtaCl,  eohition.  The  precipitate,  which  coiitaltis  besides  fatty  acids 
also  tlie  choleic  acid,  is  filtered  and  the  cholalic  acid  precipitated  from  the 
filtnite  by  hydrochloric  acid,  After  tho  cholalic  acid  has  gradnallv  crystal- 
lized out  it  is  repeatedly  recrystallized  from  alcohol  or  methyl  alcoKol. 

Choleic  Acid  is  another  cholalic  acid  with  the  formula  (',,11, ,0, 
(Lassau-C'uh.v 'J  named  by  Latschinofi'.  This  acid,  which  occurs  in 
Tarying  hut  always  small  qaanttties  tn  ox-bile,  is  probably  identical  with 
desoxycbolalic  acid.     Choleic  acid  first  yields  dehydrochoUic  acidy  C^^TT^O,, 

and  then  chv!anic  acid,  C,,ll,jO, ,  on  oxidation. 

Choleic  aoid  may  be  obtained  from  tho  abo7e-mentioncd  barium  precipi- 
tate by  first  conTerting  the  barium  salts  into  sodium  salts  by  sodium 
carbonate  and  then  fractionally  precipitating  the  fatty  acids  by  barium 

■  9ce  Vshluu,  ZelLsclir.  t.  ptiysiol.  ChBm.,  Bd.  31. 

•  Zcluclir.  i.  pLyaSoL  Chem..  Bd.  12.    Soc  also  Vahleu  and  Pregl,  1.  c. 

*  Latschinnir.  Ber.  <1.  dciilarh,  chem.  QiMellscli..  B<lil.  IS  and  dO  ;  Uusar-Coha.  Auf.. 
Bd.  26.  and  Zeitschr.  f.  plyrfol.  CUtui,,  Bd.  17.  Se«  aUo  ViUilon,  Ztsitschr.  f.  plijsiol. 
Chem.,  Ucl.  23. 
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iceiaU  and  separating  the  clioleic  acid  from  the  filtrate  by  hydrochloric  acid 
and  rerrytttallizing  aeveral  times  from  glacial  acetic  acid. 

FeUic  Acid,  C'„n.,0. ,  is  a  cholalic  acid,  so  called  by  SrHOiTEX,  and 
whicli  he  obtained  froui  human  bile,  along  with  the  ordinary  acid.  This 
acid  is  crystalline,  is  Insohible  in  water,  and  yiotds  barium  and  magnesium 
salts  which  are  very  insolnble.  It  does  not  give  I'ettenkofer's  reactioo 
easily  and  gives  a  more  reddisli-blne  rolor. 

The  conjngate  lu-ids  of  hnnum  bile  have  not  been  investigated.  To  all 
appearance  human  bile  contains  under  different  circametances  varions 
conjngate  bile-acids.  In  some  cases  t)ie  biic-salce  of  human  bile  are  precipi- 
tated by  13aCl, ,  and  in  othertt  not.  According  to  the  latest  statements  of 
LA&SAfi-CoiiN  '  three  cholalic  acids  miiy  to  prepared  from  hunitui  bi1e> 
namely,  ordinary  cholalic  acii>,  choleic  acid,  and  fkli.kt  Ariji. 

Lithsfallie  Aeld  CHlO.,  U  Hie  clioliilic  iiciti  ocviirriog  In  tlie  orUmtal  li«rz<o&r  ntonea, 
wliicit  is  iti»nliili]c  in  water.  compnnLtiTcly  etidly  9olubl«  la  nlcobol.  b\it  t>u\y  sHgbtly 
soluble  in  ctbL-t.* 

The  hyo-glycochollc  iiml  cheno-ljinmcholic  acids,  iis  well  aa  the  glyco- 
diotic  acid,  of  the  bile  of  rodenttt  yield  corres|>oading  cholalic  acids. 

On  boiling  trith  acidi,  on  putrefaction  lu  tbe  intestine,  or  on  heating, 
cholalic  acida  lotie  water  and  are  converted  into  an  anhydride,  the  lu-called 
d^fljfgin.  The  dyslysin,  ''■„IT„0, ,  correapotiding  to  ordimiry  cholalic  at^id» 
and  which  occurs  in  fepces,  is  aniorphnnK,  insoluble  in  water  and  alkalies. 
Ckoloidir  acid,  C,,II,jO, .  id  called  the  first  anliydride  or  an  Intennediate 
prodact  in  the  formation  of  dyslysin.  On  boiling  dyslyaiu  with  cauutic 
allwli  il  is  reconverted  into  the  corresponding  chnlalic  acid. 

Qlyeoooll,  (.\II,NO, ,  or  ami  do-ace  tic  acid,  NII,.('II,.rOOH,  also  called 
glycin,  or  sngnr  of  gelatin,  has  been  found  in  lim  muscles  of  pedtn 
irradianSy  but  it.  is  of  special  interest  as  a  decomposition  prodact  of  certun. 
protein  snbatances — gelatin,  elastin,  fibroin,  and  vpongin — as  also  of  hip- 
puric  acid  or  glycocholic  acid  on  splitting  thcni  by  boiling  with  acids. 

Olycqcoll  forms  colorless,  often  large,  hard  rhombic  crystals  or  fonr- 
sldeil  prisms.  The  crystals  taste  sweet  and  diasol re  easily  in  cold  (4.3  jiarts) 
water.  Thoy  are  insoluble  in  alcohol  and  ether;  in  warm  spirits  of  wine 
they  diisoire,  bnt  with  dinicLilty.  Glycocoll  combines  with  acids  and  bases. 
Tnder  the  last- mentioned  combinations  we  mnst  mention  tho^e  with  copper 
and  silver.  Glycocoll  dissolves  copper  hydroxide'  in  alkaline  liquids,  but 
does  not  reduce  it  at  the  boiling  temperature.  A  hoi1ing-hot  solution  of 
glycocoll  disaolves  freshly  precipitated  copper  hydroxide,  forming  a  bine 
liquid  from  which  dark-blue  needles  crystallize  on  cooling,  if  the  liquid  is 


'  Schotten,  Zeiiacbr.  t.  pbytlol.  Chem..  Bd.  U  ;  La8Bar*Colin,  Ber.  d.  deuUcb.  cbem. 
QeMllKb..  Ibl.  ST. 

*  Bee  JDDgcr  nml  Klagv^,  Ber.  d.  deutach.  chem.  a«Mllicb.,  Bd.  28  (older  Httmture). 
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anfficiently  concentrated.  The  combination  of  glycocoU  with  HGl  is  solnble 
in  water  and  alcohol. 

GlycocoU  is  best  prepared  from  hipporic  acid  by  boiling  it  10-12  honn 
with  4  parts  of  dilate  sulpharic  acid,  1  :  6.  After  cooliug  separate  the 
benzoic  acid,  concentrate  the  filtrate,  remove  the  remainder  of  the  benzoic 
acid  by  shaking  with  ether,  remove  the  snlphnric  aoid  by  liaCO, ,  and 
evaporate  the  filtrate  to  crystallization.  In  the  preparation  and  quantitative 
estimation  of  glycocoll  from  gelatin  we  can  proceed  according  to  Ch. 
Fischer  and  Goknermann  '  by  converting  it  into  hippnric  acid  by  meaos 
of  benzoyl  chloride  and  caustic  soda,  and  this  latter  taken  up  by  acetic  ether 
after  acidification  with  salphuric  acid. 

Taurin,  C,H,NSO, ,  or  amido-ethylanlphonic  acid,  NII,C,H,.SO,OH. 
This  body  is  well  known  as  a  cleavage  product  of  tanrocholic  acid,  and  may 
occur  in  small  quantities  in  the  contents  of  the  intestine.  It  has  idso  been 
found  in  the  lungs  and  kidneys  of  oxen  and  in  the  blood  and  moBcles  of 
cold-blooded  animals. 

^  Tauria  crystallizes  in  colorless,  often  in  large,  shining,  4-6-sided  prisms. 
It  dissolved  in  15-10  parts  of  water  at  ordinary  temperatures,  but  rather 
more  easily  in  warm  water.  It  is  insolnble  in  absolute  alcohol  and  ether; 
in  cold  spirits  of  vine  it  dissolves  slightly,  but  more  when  warm.  Tauriu 
yields  acetic  and  sulphurous  acids,  but  no  alkali  salphtdes,  on  boiling  with 
strong  citustic  alkali.  The  amount  of  sulphur  can  be  determined  as 
sulphuric  acid  after  fusing  with  saltpetre  and  soda.  Taurin  combines  with 
metallic  oxides.  The  combination  with  mercuric  oxide  is  white,  insoluble, 
and  is  formed  when  a  solution  of  taurin  is  boiled  with  freshly  precipitated 
mercuric  oxide  (J.  Lang').  This  combination  maybe  used  in  detecting 
the  presence  of  taurin.     Taurin  is  not  precipitated  by  metallic  salts. 

*»'  The  preparation  of  taurin  from  bile  is  very  simple.  The  bile  is  boiled  a 
few  hours  with  hydrochloric  acid.  The  filtrate  from  the  dyslysin  and 
choloidic  acid  is  concentrated  well  on  the  water-bath,  and  filtered  so  as  to 
remove  the  common  salt  and  other  substances  which  have  separated.  Then 
evaporate  to  dryness,  and  treat  the  residue  with  strong  alcohol,  which 
dissolves  the  hydrochlorate  of  glycocoll,  while  the  taurin  remains.  (The 
alcoholic  solation  of  hydrochlorate  of  glycocoll  may  be  used  in  the  prepant- 
tion  of  glycocoll  by  evaporating  the  alcohol  and  dissolving  the  residne  in 
water,  decomposing  the  solution  with  lead  hydroxide,  filtering,  and  freeing 
the  solution  from  lead  by  11,8,  and  strongly  concentrating  this  filtrate. 
The  crystals  which  separate  are  dissolved  and  decolorized  by  animal  char- 
coal, and  the  solution  is  evaporated  to  crystallization.)  The  above-obtained 
residue  containing  the  taurin  is  dissolved  in  as  little  water  as  possible, 
filtered  warm,  and  treated  with  an  excess  of  alcohol.  The  crystalline 
precipitate  which  immediately  forms  is  filtered  as  soon  as  possible,  and  the 

>  Ch.  Flscber,  Zcitsclir.  f.  pbysiol.  Cbem.,  Bd.  19;  GoDDennann,  PflUger's  Arcb., 

Bd.  59. 

*  See  Male's  Jahreaber.,  Bd.  6. 
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unriii  now  separates,  on  cocJiog,  in  rery  long  needles  or  prisms.  These 
crrstiils  mil}'  be  pariHcd  by  rccrvstallization  from  a  little  warm  water. 

'J'liongli  tlie  twiiriii  sliowg  iiu  positive  reactions,  it  i»  chiefly  iilentifictl  by 
iti  cryetalliDe  form,  by  its  solubility  in  wuter  ami  insolnbility  iit  alcohol,  bj 
ila  combination  with  mercnric  oxide,  by  it*  non-precipiUbility  by  metallic 
salts,  and  above  all  by  its  containinfr  sulphar. 

TuK  Detkction  of  liii.K-ACiwfi  IS  Akiual  Fluids.  To  obtain  the 
bile-acids  pure  so  that  rKTTENKOFBR'3  test  can  be  applied  to  tliem,  the 
proteid  and  fat  mnst  first  be  rcmored.  The  proteid  is  removed  by  making 
the  liquid  first  neotral  and  then  adding  a  great  exce&s  of  alcohol,  eo  that  the 
mixtare  contains  at  least  ^b  vols,  per  cent  of  water-free  alcohol.  Kow  filt«r, 
extract  the  jirecijiitated  jirotoid  with  frui^li  alcoliol,  nnito  all  filtnitvs,  distil 
the  alcohol,  and  evaporate  to  dryness.  'I'be  re&idne  is  conipletelj  exhaiiiited 
with  strong  alcohol,  lillered,  and  the  alcohol  entirely  evaponited  from  tlie 
tiltrate.  The  now  residne  is  dissoWed  in  water,  and  filtered  if  neeesBary, 
and  the  solntion  precipitated  by  bnitic  lend  acetate  and  ammonia,  ^i'he 
waslied  preci])itate  is  disttolved  in  boilitif;  alcohol,  filtered  while  warm,  and 
a  few  drops  of  soda  sotutlon  added.  Then  evaporate  to  dryness,  extract  the 
reeidne  with  ali&oltite  alcohol,  lllter,  and  luld  an  excess  of  ether.  The  pre- 
cipitate  now  formed  may  be  need  for  I'etteskofer's  teat.  It  is  not 
nocesaary  to  wait  for  a  crystallization;  bat  one  mnet  not  consider  the 
crystals  which  form  in  the  liquid  as  being  positirely  crystallized  bile.  It  is 
also  poflsiblo  for  needles  of  alkali  oceMte  to  be  fnrmcd.  For  the  detention 
of  biio-acids  in  nrine  see  Chapter  XV. 

Bile'pigme&ti.  The  hile-coloring  matters  known  tims  far  are  relatirely 
nnmerons,  and  in  all  probability  there  are  aull  more.  Most  of  the  known 
bile-pigments  are  not  fonnd  in  the  normal  bile,  bat  occnr  either  in  jiost- 
mortem  bilu  or,  principally,  in  the  bile  concrements.  The  pigments  which 
occQF  nndtT  physiological  conditions  are  the  reddish-yellow  bilirubin,  the 
green  bifircrdin^  and  somelinies  there  is  also  ohservvd  in  freali  Immaii  bile 
a  pigment  closely  allied  to  hytlrobiliruhin.  The  pigments  found  in  gall- 
stones are  (besides  the  biiirubiN  and  liln^rdin)  biii/usrin,  bilipmtin, 
bilihumin,  bilicyanin  (and  chohteHnf).  Besides  theso,  others  havo  been 
observed  in  hnman  and  animal  bile.  Tlio  two  aboTo-mentioued  physio- 
|ical  pigments,  bilirubin  and  biliverdin,  are  those  which  serve  to  give  the 
golden-yellow  or  orange-yellow  or  wmetimes  greenish  color  to  the  bile,  or 
when,  aa  is  nia«t  frei|iiently  the  case  in  ox-bile,  the  two  pigments  are 
prwent  in  the  bite  at  the  same  time,  producing  the  different  shades  between 
reddish  brown  and  green. 

fiilimbin.  This  pigment,  according  to  the  common  acceptation,  haa  the 
formula  <'„H,,N,0,  (Maly)  and  is  designated  by  the  names  ciroLKPVKKHix, 
BiLipajtiN,  BiupuLviN,  and  ii.i;MATOiin>'.  It  occurs  chiefly  in  the  gidl- 
atones  aa  bilirubin-calciiim.  It  oociim  in  the  liver-bile  of  all  vertebnitct,  and 
in  the  bladder-bile  especially  in  man  and  carnlToru;  sometinies,  liowercr, 
*Jie  latter  when  fasting  or  in  a  starring  condition  may  have  a  green  bile. 
It  occurs  also  in  the  contents  of  the  small  intestine,  in  blood'Senirit  of  the 
horse,  in  old  blood  extravasations  (as  hiematoidin),  and  in  the  nrine  and 
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the  yellov-colored  tiesne  in  icteruB.  Bilirubin  u  derived  in  all  probabilitj 
from  haemaCia,  which  it  closely  resembles.  It  is  converted  into  hydro- 
bilirubin,  C„II„!N^^O,  (Maly)  bj  hydrogen  in  a  nascent  state,  which  shows 
great  similarity  to  the  ariuary  pigment,  vrobiliny  as  well  as  to  stercobHin 
found  in  the  contents  of  the  intestine  (Masius  and  Vanlaib').  On  oxida- 
tion bilirnbin  yields  biliverdin  and  other  coloring  matters  (see  below). 

Bilimbin  is  partly  amorphous  and  partly  crystalline.  The  amorphou 
bilirubin  is  a  reddish-yellow  powder  of  nearly  the  same  color  as  amorphoos 
antimony  sulphide;  the  crystalline  bilirubin  has  nearly  the  same  color  is 
crystallized  chromic  acid.  The  crystals,  which  can  easily  be  obtained  by 
allowing  a  solation  of  bilirnbin  in  chloroform  to  spontaneoasly  evaporate, 
are  reddish-yellow,  rhombic  plates,  whose  obtuse  angles  are  often  rounded. 

Bilirabin  is  insoluble  in  water  and  occurs  in  animal  fluida  as  Bolable 
bilirnbin-calcinm.     It  is  slightly  soluble  in  ether,  somewhat  more  soluble  in 
alcohol,  easily  soluble  in  chloroform,  especially  in  the  warmth,  and  less 
soluble  in  benzol,  carbon  disulphide,  amyl  alcohol,  fatty  oils,  and  glycerin. 
KusTER*  finds  that  dimethylanilin  is  a  good  solvent  for  bilirubin,  which 
dissolves  0.89  parts  in  100  at  the  ordinary  temperature,  bntS.Ggrms.  at  boil- 
ing temperature.      Its  solutions  show  no  absorption-bands,  but  only  a 
continuous  absorption  from  the  red  to  the  violet  end  of  the  spectrum,  and 
they  have,  even  on  diluting  greatly  (1  :  500000),  in  a  layer  1.5  c.cm.  tiiick 
a  decided  yellow  color.     If  a  dilute  solution  of  bilirubin  in  water  is  treated 
with  an  excess  of  ammonia  and  then  with  a  zinc-chloride  solution,  the 
liquid  is  first  colored  deep  orange  and  then  gradually  olive-brown  and  then 
green.     This  solation  first  gives  a  darkening  of  the  violet  and  blue  part  of 
the  spectrum  and  then  the  bands  of  alkaline  cholecyanin  (see  below),  drat 
least  the  bands  of  the  pigment  in   the  red  between   C  and  D  close  to  C. 
This  is  a  good  reaction  for  bilirubin.     The  combinations  of  bilirnbin  with 
alkalies  are  insoluble  in  chloroform,  and  bilirubin  may  be  separated  fromita 
solution  in  chloroform  by  shaking  with  dilute  caustic  alkali  (differing  from 
lutein).     Solutions  of  bilirubiu-alkali  in  water  are  precipitated  by  the  solu- 
ble salts  of  the  alkaline  earths  and  also  by  metallic  salts. 

If  an  alkaline  solution  of  bilirubin  be  allowed  to  stand  in  contact  with 
the  air,  it  gradually  absorbs  oxygen  and  green  biliverdin  is  formed.  Bill' 
verdin  is  also  formed  from  bilirubin  by  oxidation  under  other  conditioos. 
A  green  coloring  matter  similar  in  appearance  is  formed  by  the  action  of 
other  reagents  such  as  CI,  Br,  and  I.  In  these  cases  it  does  not  seem  to  be 
biliverdin,  but  a  substitution  product  of  bilirubin  (Thudichum,  Malt'), 
which  is  obtained. 

'  Maly'a  Wien.  Sitziingsber..  Btl.  57.  and  Anna!,  d.  Cbem.,  Bd.  163;  Masius  wd 
Vanlair,  CV-ulnilbl.  f.  d.  med.  Wissensrb.,  1871,  S.  869. 

'  Zeitsclir.  f.  physiol,  Cliem..  Bd.  26. 

»  Thudichum,  Journ.  of  Chem.  Soc  (3\  Vol.  13,  and  Jouni.  f.  prakL  Chem.  (N.  F.!, 
Bd.  53;  M&ly.  Wicn.  Silzungsber.,  Bd.  72. 
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GuELiN^s  Reaction  for  Bile-pigments.     If  we  carefully  poor  under  a 

eolation  of  bilirubiD-alkoli  in  water  iiiiric  acid  containing  some  nitrons  acid, 

•^e  obtain  a  eerie*  of  colored  lajersat  the  jnnctnre  of  the  two  liqnids,  in  the 

Xoliowing  onler  from  abore  downwards:  green,  bine,  riolet,  red,  and  reddish 

^tjUow.     This  color  reaction,  Gubux's  test,  is  rery  delicate  and  serrea  to 

«3etect  the  presence  of  one  ]>urt  bilirubin  in  80,000  jtarLti  ti^jnid.     The  green 

z-itig  mnftt  never  he  absent;  and  also  the  rnldmh  violet  mnst  be  present  at 

-t-he  a&me  time,  otherwiae  the  reaction  may  be  confused  with  that  for  lutein, 

-which  girea  a  bine  or  greenish  ring.     The  nitric  acid  must  not  contain  too 

Itch  nitrons  acid,  for  then  the  reaction  takes  i)lace  too  quickly  am)  it  doe« 

ot  become  typical.     Alcohol  must  not  be  present  in  the  liqnid,  becansu,  as 

well  known,  it  gives  a  play  of  colors,  in  green  or  blue,  with  the  acid. 

Hammar&tkn's  Rmriion.     An  acid  in  fifiit  ]irepare<l  consisting  of  1  voL 

rxKtrio  acid  and  19  vols,  hydrochlorio  acid  (each  acicl  lieing  about  2o^).     One 

volume  of  this  acid  mixture,  which  can  be  kept  for  at  least  a  year,  is,  when 

It;    his  become  yellow  by  standing,  mixett  with  \  vols,  alcohol.     If  i\  drop  of 

l>ilinihin  solution  U  added  to  a  few  cubic  centimeters  of  this  co]orlc«H  niix- 

ttarea  permanent  beautiful  green  color  is  obtained  immediately.     On  the 

Tx:^  rther  addition  of  the  acid  mixture  to  the  green  liquid  idl  the  colors  of 

O  ^eun\s  scale,  as  far  as  chotetelin,  can  1>e  produced  con  seen  lively. 

IIltpebt's  lieadioH.     If  a  solution  of  bilirubin-alkali  is  treated  with 

iriilk  of  limo  or  with  calcium  chloride  and  ammonia,  a  precipitate  ia  pro- 

4«ced  consinling  of  biliruliin-culcinm.     If  this  nioist  precipitate,  which  has 

be«n  washed  witli  M-aCer,  \»  placed  in  a  tOBt-tnlie  and  the  tube  half  flllod 

^'ith  alcohol  which  has  been  acidified  with  hydrochloric  acid,  and  lieutetl  to 

^oiliug  for  some  time,  the  liqnid  becomes  emeruld-green  or  blniih  green  in 

color. 

In  regard  to  the  modifications  of  Guelin'a  test  and  certain   other 
Teactions  for  bile-pigments,  see  Chapter  XV  (Urine). 

That  the  charaoteristio  play  of  colors  in  Gmf.ijs's  test  is  the  result  of 

ui  oxidation  is  generally  admitted.     The  first  oxidation  step  is  the  green 

^ilirerdin.     Then   follows  a  blue  coloring  matter  which  IlEiNgius  and 

CtipBELi.  call  bilicjfnnin  and  Stokvks  tails  chohrif/miu,  and  wliich  shows  a 

ciifctBctenstiu  abearptinn-^ipcdrnm.     The  neutral  solntions  of  this  coloring 

natter  are,  according  to  Stokvis,  blninli  green  or  eteel-bluo  with  a  beantifnl 

I'lBf  llaoresccnrc.     The  alkaline  solutions  are  green  and  have  no  marked 

liuore>cence.    The  alknline  aolntions  show  three  absorption -bands,  one  sharp 

M  (lark  in  the  red  between  f.'iind  /),  nearer  to  C;  a  second,  less  defined, 

wrering  D-  and  a  third,  between  Ji  and  /*,  near  E.     The  strongly  acid 

utiooB  ore  violet-blite  and  show  two  hands,  described  by  .T.\ffr.  tietweert 

>  lines  fand  /:',  Beporated  from  each  other  by  a  narrow  8]>a<e  itpot  />. 

third  baud  between  li  uud  /'is  seen  with  difliculty.     The  next  oxidation 

r>  after   these  blue  coloring  matters  is  a  red  pigment,  and  lastly  a 
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yellowish -hrovn  pigment,  called  ckoIeieUn  by  Maly,  vhioh  in  neutral 
alcoholic  solationi  does  not  give  any  absorption  spectmm,  bat  in  acid  aola- 
tion  gives  a  band  between  h  and  F.  On  oxidizing,  cliolecyanin  trith  lead 
peroxide,  Stokvis  '  obtained  a  product  irliicli  he  calls  choIetelin»  which  ii 
quite  similar  to  urioary  urobilin,  to  be  discussed  later. 

Bilirabin  ia  best  prepared  from  gall-stoues  of  oxeti,  these  concretions 
being  very  rich  in  bilirubin-calcinni.  The  fmely  powdered  concrement  is 
first  exhausted  with  ether  and  then  with  boiling  water,  so  a^  to  remove  the 
choleeteriu  and  bile-acids.  The  powder  is  ttieii  treutcd  with  hydrochloric 
acid,  which  sets  free  ibe  pij^ment.  Wash  thoronghly  with  water  nnJ 
alcohol,  dry,  and  extract  repeuteilly  with  boiling  chloruforra.  After  distill- 
ing tlio  chlorcifonn  from  tiie  solution,  treat  tlie  powdered  residue  with 
absolute  alcohol  to  remove  the  bilifusciu;  dissolve  the  remaining  bilirubin 
in  a  little  cliloi'ofiinn;  preci]>iUito  it  from  this  solution  by  al(X)hu1,  and  do 
this  severul  times  if  necessary.  The  bilirubin  is  flnalLy  dissolved  in  boilin; 
chloroform  and  iiltowetl  to  crystalline  on  cooling.  The  quantitative  estima- 
tion of  bilirnbJD  may  be  made  by  the  spectro-piiotometrical  method,  accord- 
ing to  the  steps  suggested  for  the  blood -coloriug  matters. 

Blliverdin,  t."„n„^',0|.  This  body,  which  is  formed  by  the  oxidation 
of  bilirubin,  occors  in  the  bile  of  many  animals,  in  vomited  matter,  in  the 
placenta  of  the  bitch  (?),  in  the  shellB  of  birds*  eggs,  in  the  urine  in  icterns, 
aud  sometimes  in  gall-stoues,  although  in  very  small  ciaantities.  On  the 
oxidation  of  bile- pigments,  especially  biliverdin,  KOstkr  obtained  st 
nitrogenoous  acid,  biliverdiuic  aiid,  O.U^Nt)^.  On  further  investigation 
of  this  acid  and  its  salts  KCsteu  finds  that  oa  boiling  the  acid  with  canstia 
soda  or  by  other  basic  bodies,  it  is  readily  transformed  into  the  tactoDft- 
of  the  tribasic  bH-nmtinic  acid  C,1l,0,,  with  the  evolution  of  ammonia. 
This  biliverdinic  acid  can  therefore  be  considered  as  the  amid  of  this  last. 
acid.  According  to  more  recent  investigations  Ki'STEa*  considers  biliver- 
dinic acid  identical  with  his  bibasic  haMimtinic  acid,  which  contains  nitrogen. 

Biliverdiu    is   amorphoua,    at    least   it  has  not  bean   obtained  in  well- 
defined  crystals.     It  is  insoluble  in  water,  ether,  and  cLtoroform  (tbia  m- 
true  at  least  for  the  nrtiticially  prepared  biliverdin),  but  is  soluble  in  alcohol 
or  giticial  acetic  acid,  showing  a  beautiful  green  color.     It  is  dissolrod  by 
alkalies,  giving  a  brownish-green  color,  and  this  solution  ia  precipitat«d  by  ■ 
acids,  as   well   as  by  calcium,   barium,    and  leiul  siilts.      Itiliverdin   give» 
Euppert's.  GuKi.rN's,  and    IlAMiLVRSTRs's  reactions,  commencing  witli 
the  blue  color.     It  is  converted  into  hydrobilirnbin  by  nascent  hydrogen. 
On  allowing  the  green  bile  to  stand,  also  by  the  action  of  ammoniam 
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'  HvlnBiiis  Biiil  Cnmpbell,  PflQger's  Arcb>,  Bil,  4;  Stokris,  CciitrHlbl.  f.  d.  nicil. 
WiiseaacL.,  1972.  S.  S^:  \Hd..  1873,  S.  211  sud  449:  Ja£«.  ibi<L,  1808;  Half,  Wfrci. 
Sitzuiigslivr..  K<1.  SO. 

*  Ber.  (I.  ileuucli.  cUcru  Gc«c1Ik--Ii.,  Dd.  90;  Zeilsclir.  f.  ]>tiyBi*2l-  t.1iem..  Bd.  16. 
Bcr.  d.  deiit«b,  choni,  Gcsc11»rh..  Bd.  SW. 


J 


BIUVKRIiW. 


SS7 


sulphide,   the  biliverdin   may  be  reduced   to  bilimbin   (Hatc&apt  aud 

SCOPIEI.D'), 

Biiirerdin  ia  most  simply  prepared  by  allowing  a  thin  Uyer  of  an  alkaline 
Bolation  of  bilimhin  to  staiiil  ex]tos(;(l  to  the  air  in  a  dish  until  the  color  is 
brownish  green.  The  solution  is  theu  precipitated  by  hydrochloric  acid, 
the  precipitate  washed  with  water  until  no  IR'l  reaction  is  obtained,  then 
diBSolred  in  alcohol  and  the  pi^'mont  ugnin  separated  by  the  mldition  of 
water.  Any  bilirubin  presciiC  may  bo  removed  by  means  of  cliloroform. 
ricdOKKSij  and  DoToN'*  prepared  biliverdin  from  bilirubin  by  the  action 
of  sodium  peroxide  aud  a  little  acid. 

BHifuxia,  so  Buncd  hy  Stapelkr.'  1>  bq  lunorpbou*  brows  {li^tneut  loliiblc  la 
aloh'ilniiil  alksni-s,  nuiirly  [usulutik-  [u  wutcr  au<l  t^tlier,  nuil  fmhtble  wiiii  {•rem  ilifScuIly 
iu  cbloTofuriii  (wlitrD  bilimhin  is  not  present  ut  the  Bnmo  tiiur^.  Whcu  pure  bi]iftii>cla 
AoK-i  iinl  eivv  Gmkun'^^  nni-tiun.  It  ii  fuiiiid  In  |io«C-tnoriciii  bile  oritl  gnilsioDca. 
BHipromin  u  a  grt'CQ  pigmcat  pi-cp&recl  by  &tXi>ki.ich  from  ga!l-aloncs,  n-htcb  peiliupi  la 
oa)y  a  ttitxlurv  oT  bilirvnliu  stiil  bllirubiu.  DastHE  and  Flobk»co.*  on  lliu  coiilrnry, 
«in<i!<lcr  bilipniRta  na  nn  inicrmpdiaie  aiep  belwccn  bilirubin  and  biiivcrdin.  Acrordins 
lo  Ibcm  ii  uciTuns  ax  a  pliysioioKkal  pigiiK-ut  iu  llic  bUdder^blle  of  tcvenil  uotiiuils  und  u 
derivul  fniiii  bilirubin  by  uxiilntioii.  Tliisoxidatinn  Is  bruuglit  about  by  an  oxitlation 
ferrncnL  exiiitla^  In  tliebilc.  /JJi'/i u>Hin Is  llie  oaine given  by  brlDKLERtothnt  browiilih 
unnrpbnus  rtsiiluc  wliirli  is  left  after  extracting  pall-stoucB  with  elilotorunn,  nlctiltol, 
nod  cilmr.  li  tliM«  iJfll  Kivc  GMKLlN'a  l«t.  St'luiyanin  \»tt\»<-*  frmiid  in  liiimyin  gftil- 
uoiivs  iHkixsiuh  tiud  OAMpBF.t.t.).  I'MoA'nii'itin,  BO  cnlled  by  >I,\rMr?(»,*is  a  pigmvnt 
uftea  otTiiriitg  in  uliccp-  iind  ox-ltlle  mid  rliHrnuleriwd  by  four  iiliBnrption>l>iiiiclH,  ut)d 
nbicli  is  fotuiL-d  fioin  liiematiD  by  tbe  anion  nf  Budlum  amalgam.  In  iti«  dried  coiidl- 
Uni)  obiHined  Ijy  ibe  evnprinttion  of  Ihe  chlorororm  u))iitloo  it  (■  green,  and  in  akobolio 
KtluiioD  (liiTebrunn. 

OuKi.ix's  and  HrppKitT's  reactlono  are  generally  used  to  detect  the 
preMnce  of  bile-pigmenta  in  animal  llnids  or  tisfiues.  Tiie  lirst,  as  a  rule, 
can  be  performed  directly,  and  the  presence  of  proteid  does  not  interfere 
with  it,  but,  on  the  contrary,  it  brings  ont  the  play  of  colors  more  etrik- 
ingly.  If  blood -coloring  matters  are  present  at  the  same  time,  the  bile- 
coloring  niattera  are  first  precipitated  by  the  addition  of  soiHiini  pliosphate 
and  fflilk  of  lime.  Tliit;  precipitate  containing  the  bile-piguienta  may  be 
need  directly  iti  IUi'I'kkt's  rcaetion,  or  a  little  of  the  precipitate  may  be 
diBsolred  in  lIAMM.^rEi^Tf:N*a  reagent.  Bilirubin  is  detected  in  blood, 
according  to  IIi-;i>t,S'irs,' by  preeipitnting  the  proteins  by  alcohol,  filtering 
and  acidifying  tbe  Ultrate  with  hyarocbloric  or  snlphnric  acid,  and  boiling. 
Tlse  liiinid  Iteconies  of  a  greenisli  color.  Sennn  and  serous  fluiiU  may  be 
boiled  directly  with  a  little  acid  after  tbe  addition  of  alcohol. 

Besides  the  bile-acids  aud  bile-pigments  we  have  in  the  bile  also  rhoUt' 
terint  lecitfiin,  pahnitin,  stearin^  olein,  and  softpa  of  tbe  convspondiiig/of/y 
acid$.  LassaR-Cohn*'  has  also  toymd  viyrisiic  arid  in  ox-bile.  In  some 
animals  the  bile  contains  a  diastatic  atzyme.     ChoUn  and  glycero-phoxphortc 


'  Ceninilbl.  f.  Pbjrtol..  Bd.  8.  S.  S32.  biuI  Ztllsclir.  f.  physiol.  Chcm..  Bd.  14. 

•  Areb.  dc  Pbysicil.  (5).  Tonic  8. 

■  C'lieil  from  Iloppe-Seylcr.  Pliyslol.  u.  Paih.  cbeni.  AnalyM,  6.  Aufl.,  6.  32S. 

*  ArtU.  dt  Pt.ysi.il,  (fii,  Tum«  ». 

*  Jourti.  i.f  PbvMol..  Vol.  6. 

•  Dpwtla  UkniTt   Fi>rh  .  Od.  SO.  and  Maly's  Jabr«tbcr.,  Bd.  U. 
'  ZuiiBcbr.  f.  pby»iyl.  Cbem.,  Bd.  17. 
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'ncid,  when  thej  are  present,  may  be  considered  as  decomposition  prodacti 
of  lecithin.  Urea  occurs,  though  only  as  traces,  as  a  physiological  con- 
stituent of  human,  ox,  and  dog  bile.  Urea  occurs  in  the  bile  of  the  sharli 
and  ray  in  such  large  quaatities  that  it  forms  one  of  the  chief  constituentB 
of  the  bile.'  The  mineral  constituents  of  the  bile  are,  besides  the  alkalies, 
to  which  the  bile  acids  are  united,  sodinm  and  potassium  chloride,  calcium 
and  magnesium  phosphate,  and  iron — 0.04-0.115  p.  m.  in  haman  bile, 
chiefly  combined  with  phosphoric  acid  (Youno').  Traces  of  copper  ar» 
habitaally  present,  and  traces  of  zinc  are  often  fonnd.  Salphates  are 
entirely  absent,  or  occur  only  in  very  small  amounts. . 

'  The  quantity  of  iron  in  the  bile  varies  greatly.  According  to  Xoti 
It  is  dependent  upon  the  kiijd  of  food,  and  in  dogs  it  is  lowest  with  a  bresd 
diet  and  highest  with  a  meat  diet.  According  to  Dastre  this  is  not  th« 
case.  The  quantity  of  iron  in  the  bile  Tories  even  though  a  constant  diet 
is  kept  up,  and  the  Tariation  is  dependent  upon  the  formation  and  destruc- 
tion of  blood.  According  to  Beccari  *  the  iron  does  not  disappear  from 
tlie  bile  in  inanition,  and  the  percentage  shows  no  constant  dimination. 
Tlio  question  as  to  the  extent  of  elimination  by  the  bile  of  the  iron 
iatroduced  into  the  body  has  received  varioas  answers.  There  is  no  doubt 
that  the  liver  has  the  property  of  collecting  and  retaining  iron  as  well 
as  other  metals  from  the  blood.  Certain  investigators,  sncfa  as  NoTi  and 
KuNKEL,  lire  of  the  opinion  that  the  introduced  and  transitorily  retained 
iron  in  the  liver  is  eliminated  by  the  bile,  while  others,  such  as  Hauburgeb, 
Gottlieb,  and  Anselm,*  deny  any  such  elimination  of  iron  by  the  bile. 

Quantitative  Composition  of  the  Bile.  Complete  analyses  of  human  bile 
have  been  made  by  Hoppe-Seyler  and  his  pupils.  The  bile  was  removed 
as  fresh  as  possible  from  the  gall-bladder  of  cadavers  whose  livers  showed  no 
remarkable  change. 

Older  and  less  complete  analyses  of  human  bile  have  been  made  by 
Frerichs  and  v.  Gorup-Besanez."  The  bile  analyzed  by  them  was  from 
perfectly  healthy  persons  who  bad  been  executed  or  accidentally  killed. 
The  two  analyses  of  Frerichs  are,  respectively,  of  (!)  an  13-year-old  and 
(II)  a  22-year-old  male.     The  analyses  of  v.  Gorup-Besaxez  are  of  (I)  a 

'  Hainmersten,  Zcitschr.  f.  physlol,  Clicm.,  Bd.  24. 

*  Jouru.  of  Aunt,  and  Physiol..  Vol.  5,  p.  158. 

»  No7i,  see  Maly's  Jabresber.,  Bd.  20  ;  Dastie,  Arcb.  de  Physiol.  (5),  Tome  S  ;  Bec- 
cari, Arcb.  ital.  de  Biol.,  Tome  28. 

*  KuTikel,  PflUger's  Arch.,  Bd.  14  ;  Hamburger,  Zeitschr.  f.  pbyslol.  Cbera,,  Bdd.  2 
and  4;  Gotlliob.  tbid.,  Bd.  IS;  Anselni,  "  Uebcr  die  EiseDaussclieldung  der  Oalle." 
luaug.-Disa.  Dorpjit,  1891.     See  also  tbe  works  ciicd  in  footuote  1,  page  176. 

*  Sec  Hoppe-Scyler,  Physiol.  Chem.,  8.  301  ;  Socoloff.  PBQger's  Arcb.,  Bd.  13 ;  TrI- 
ftiTiowski,  ibid.,  Bd.  9;  Frerichs  in  Hoppe-Seyler's  Physiol.  Cbero.,  8.  399;  v.  Gorup- 
Besanez,  ibid. 
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man  of  4D  and  (II)  a  woman  of  39.     The  results  are,  aa  asaal,  in  ^rts  per 
1000. 

Tmvaem*.  t.  Uorup-Bbsutek. 
I.                    U.  t.  11. 

Waler 860.0  85DJ  832.7  d08.1 

Solltls HO.O  140.8  177.3  lOI.fl 

Bilittrywlta 73.3  91.4  107.9  M.5 

MiiciiMUul  pigaieula S8.6  SV.8  3S.1  14.S 

Put 8.8  ».2J  *'-^  ^^ 

Inorgnnlc  sulisUincn. ....... .      6.0  7.7  10.8  6.S 

HnmaD  Urer-bile  is  poorer  in  solids  than  the  bladder-bile.  In  several 
lea  it  contained  only  Vl-is  p.  m.  solids,  but  the  bite  in  these  c&iies  is 
hardly  to  be  considered  aa  normal.  J.\cobben  found  23.4-23.8  p.  m. 
solids  in  a  specimen  of  bile.  Ua-mhabstgn,'  who  hxul  occasion  to  analyze 
the  liver-bile  in  seven  cases  of  biliary  fistula,  has  repeate<ily  found  3.^-S8 
p.  m.  solids.  In  a  case  of  a  corpulent  woman  the  t|uautity  of  solids  in  the 
lirer-biie  varied  between  30.10-38.fi  p.  m.  in  ten  days. 

Human  bile  sometimes,  but  not  always,  contaius  sulphur  in  an  ethereal 
inlphnric-acid-like  comhinatian.  The  quantity  of  such  sulphur  may  even 
amount  to  \-\  of  the  totsl  sulphur.  Unman  bile  is  habitually  richer  in 
glycocholic  thau  in  taarocholic  acid.  In  six  cases  of  liver-t^ile  analyzed  by 
IlAHMAKs-rKy  the  relationship  of  taurocholic  to  glycocholic  acid  varied 
between  1  :  3.f>7  and  1  :  11.36.  Tlie  bile  analyzed  by  Jacobsks  contained 
no  tanrocholic  acid. 

As  example  of  the  composition  of  human  liver-bile  the  following  results 
of  three  analyse«  maile  by  IIahuahstkk  are  given.  The  results  are  cal- 
culated in  parts  per  1000. 

($i>liflii SSSOn  R.V380  21!  400 

Wsler.... •74800  9ft4.740  974.000 

Mucin  mid  pigmE-nts n 'JBM  4.2W  0.150 

Bile  Mils 9  .tin  ld.340  0.040 

Tiiun>ch->lata 8.0M  S.07V  3.180 

<;i>c4>rlK>li>t« 0.378  18.181  8  880 

Fittty  Mci^li  from  soaps 1.980  1.S60  1.010 

ChuU-»li-iiu 0.630  1.600  1.500 

Lflcilhin 1  ^00^  0.574  0.850 

I^il f  "■*"  0.856  0.810 

ftoliitile  mlu 8070  6.700  7.SM 

Insolublo  wills 0.2.V)  0.4U0  O.SIO 

Amount  the  mineral  constituents  the  chlonne  ami  soilium  occur  to  tlie 
greatest  extent.  The  relationship  between  potassium  and  sodium  varies 
considerably  in  different  biles.  Sulphuric  add  and  phosphoric  acid  occur 
onlv  ill  very  small  i|itaiitiLie*). 

Baoiksky  ai)J  SouMERPEt.D*  hare  found  true  raacin,  mixed  with 
some  nucleoalbumin,  in  the  bladder-bile  of  children.  The  bile  contained 
on  an  average  8U6.5  p.  m.  water;  Ui:i.5  p.  m.  solids;  30  p.  m.  mucin;  '.i.l 

>  JmxtlMrn,  Ot-r.  il.  dt-iiUcli.  <-Ih'ii<.  Ov'-<.'I1m.-Ii.,  Bit.  6:  llnmnHntCD.  I.  c,  Ndtu  Act. 
*  Verhnudl.  tl.  [Oiyslol  G(!^-)I»cl>.  zii  Berlin,  IbUt-EIS. 
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p.  m.  mineral  enbstaocee;  35.3  p.  m.  bile-«alts  (of  which  16.3  p.  m.  vere 
glycocholato  and  8.^  p.  m.  taarocbolate) ;  3.4  p.  m.  cholesterin;  6.7  p.  m. 
fat,  and  'i.S  p.  m.  loncin. 

The  I'^uiintlty  of  piguiotit.  in  human  bile  is,  according  to  Nobl-PaTO!^, 
0.4-1.3  p.  in.  for  a  case  of  biliary  fistula.  The  method  nsed  Iq  determiuing 
the  pigments  in  this  caac  was  not  quite  truatworthy.  More  exact  resnlts 
obtained  by  spectro-photonictric  methods  are  on  record  for  tl(^*  bile. 
According  to  Stadelmaxx  '  dogs'  bile  contains  on  an  average  O.fi-0.7  p.  m. 
bilirubin.  At  the  most,  only  7  miUigrama  pigment  are  secreted  per  kilo  of 
body  in  the  24  hours. 

In  animals  the  relative  proportion  of  the  two  acids  varies  very  much. 
It  has  been  fouit<i,  on  determining  the  amount  of  sulphur,  that,  eo  far  as 
the  experiments  have  gone,  tmirocholic  acid  is  the  prevailing  acid  in  car- 
nivoroiis  [iiitmiiialH,  hinls,  snakei^,  and  {it«he:3.  .\mong  the  herbivora  sheep 
and  goatji  Iiavo  a  predominance  of  tanrocholic  acid  in  the  bile.  Oi-bile 
sometimes  conlaiud  tiuirocbolic  acid  in  excess,  in  oibor  cases  glycocbolic  acid 
predominates,  and  in  a  few  casoa  the  latter  occnra  almost  alone.  The  bile 
of  the  rahbit,  hare,  and  kangaroo  contains,  like  tlio  bilo  of  the  pig,  almost 
exclusively  gly^'ocbolic  acid.  A  distinct  influence  on  the  relative  amounts 
of  the  two  bile-iiclds  by  different  foods  has  not  been  detected.  Kittkk' 
claimti  to  have  found  a  decrease  in  the  quantity  of  laurocholic  acid  in  calves 
when  they  jiass  from  the  milk  to  the  jilant  diet. 

In  the  above-mentioned  calcniation  of  the   tanrocholic  acid  from  the 
fjiiarjtity  of  sulphur  in  the  bile-aalU  it  must  be  remarked  that  no  exact  con- 
clusion ciiii  be  drawn  from  this  calculation  ait  long  as  we  hare  not  investi- 
gated whether  other  kinds  of  bile  contain  sulphur  in  combinations  other 
than  tanrocholic  acid,  as  in  human  and  shark  hile. 

Tiio  cholesterin,  which,  according  to  several  investigators,  not  only 
originates  from  the  liver,  bnt  also  from  the  biliary  passages,  occnra  In  larger* 
quantities  in  the  blaitder-iiile  than  in  the  liver-bile,  and  occurs  to  a  greater 
extent  in  the  non-filtereJ  than  in  the  filtered  bile  (DOTON"  and  DfFOL'nT*). 

Tlie  gttsfs  of  the  bile  consist  of  a  large  quantity  of  carbon  dioxide,  which. 

increases  with  the  nmDUiit  of  alkalies,  only  traces  of  oxygen,  and  a  very 

smidl  quantity  of  nitrogen. 

Ltule  is  ktio^D  in  rcgaid  lotlu'  pvoprrtunof  the  hilf  in  ^iMtnte.  Tlicquaalfty  of  wrctf 
Is  fuiiud  to  be  coiiilIilerat>ly  ImcireitRerl  in  nrn'iiiin.  I.rurin  and  rynuiM  are  ol»ervHl  in 
ftculv  jrelluw  atrcipby  of  tlic  liver  niid  in  lypljiiv.  Tructn  of  albumiit  iwlltHiut  reganl  lo 
oiiclooBlbuiuiii)  biive  Kvenil  liiii«8  bvvti  round  in  ilic  Iminnii  bfle.  Ttie  »o-<.-tilled  pif' 
tarr/lftrff  iirhotiii,  or  tliB  accrt-liun  of  ii  l^llu  coiiUiiiiiiig  litlc-iiciilx  tint  no  bhe-pieincnLt.  has 
alio  been  repeatedly  noticed.  lu  all  sucli  case*  observed  by  Rittkr  he  fontia  a  faiiy  dc- 
geucratioQ  uf   t|]«   li%'tT-Cftls,  in    return  for  wljiclt,  c^vcn  in  eKOeasivu  fut  iutiUrm'tkia. 

■  N(>el-PuU>u,  R«p.  Ub.  Roy.  3oc.  CoU.  Pliys.  Ediaburgb,  Vol.  8 ;  Suidelmuia.  Dv 
Icterus. 

*  Cited  from  Haly's  Jahreebar..  Bd.  8,  S.  IBS. 

■  Atcb.  dc  Pbyslol.  (5),  Tome  6. 
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It  Dirnitl  bile  contsiniag  pijEmrnls  whs  eocreml.  11)0  McrMion  of  a  b(Ie  nearly  fie« 
from  bllc-acld«  has  bccnobwrvcd  tiy  n<'rrE-SKYi.lR'  Id  nmylnid  defrcnrmtJoc  tjf  tlm 
liver.  Iii  miiniKlii.  ilt>gs.  niid  e»|>ei  iully  mlibitit  it  liii»  Iicl-ii  i>lwt-rvL-t!  tlihl  ilic  IiIih]()> 
|ilgiii{-nli>  pass  tnlo  ilie  bile  in  polsuninL'  suit  ntbcr  i-nws.  rjnisfu^'  it  ilL>srriirilrtii  oT  tbe 
blo<Hl-corpiiBC]«9,  as  alM  after  iotraveuous  Ijfemoglobio  Injeciioii  I WGitTiiKiMccu  md 
Uevkb.  Filehbe,  STEiur'). 

Instead  of  bjle  we  eometimes  find  in  the  gall-bladder  nnder  pathological 
conditions  a  more  or  less  viwons,  thready,  coLorlera  nuid  wliicb  containa 
pseii(lom«ciii8  fir  otlur  periiliiir  protein  siihataiices.* 

Chemic&l  Pormation  of  the  Bile.  Tbe  Srst  qaestioii  to  be  atisvered  is 
the  following:  Po  the  specific  conBtitucnU  of  the  bile,  the  bile-acids  an^ 
bile-pigmentfi,  originate  in  tiic  Itver;  and  if  thift  is  the  caw,  do  they  ronie 
from  this  organ  only,  or  are  they  also  lonned  elacwliere  ? 

The  investigatioDS  of  the  blood,  and  especially  tbe  comparatiTe  itivestl- 
gations  of  tbe  blood  of  the  portal  and  hepatic  veine  under  normal  conditions. 
have  not  given  any  fuisver  to  tbi«  qnestion.  To  decide  this,  therefore,  it 
if  necenary  to  extirpate  the  liver  of  animals  or  isolate  it  from  the  circuhi- 
tioD.  If  the  bile  couKtitiienLd  are  not  fonned  in  the  liver,  or  »t  lea«t  iioc 
alone  in  this  organ,  liut  only  eliminated  from  the  blooil,  then,  after  the 
extirpation  or  remoral  of  the  lirer  from  the  circnlation,  an  accnmnlation  of 
the  bile  caastitucnta  is  to  be  expected  in  tbe  blood  and  tisaiics.  If  the  bile 
coDHtitneutii,  on  the  contrary,  are  formed  excliifiiTely  in  the  liver^  then  the 
abotro  operation  nataralty  woald  give  no  snch  resalt.  If  the  choledocliiifl 
dnct  is  tied,  then  the  bile  conetitaeuta  wi[]  be  collected  in  the  blood  or 
tissuee  whether  they  are  formed  la  the  liver  or  elsewliere. 

From  these  principles  KultNER  had  tried  to  demonstrate  by  experiments 
OQ  frogs  that  the  bile-acids  are  produced  exclusively  in  the  liver.  'While  he 
was  iiuable  to  detect  any  bile-acida  in  the  blood  and  tissiicg  of  these  animals 
after  estirfiation  of  the  liver,  still  he  was  able  to  dincover  them  on  tying  the 
clioleilochus  dnct.  The  investigations  of  LT^^rwm  and  Fleircrl*  show 
that  in  the  dog  the  bile-acids  originate  in  the  liver  alone.  After  tying  the 
choledocbus  dnct  tbey  observed  that  tbe  bile  oonstibtients  were  absorbed  by 
the  lymphatic  veseols  of  the  liver  and  passed  into  tlie  blood  throngh  the 
thoracic  dnct.  Bile-acids  could  be  detected  in  the  blood  after  sach  an 
operation,  while  they  could  not  be  detected  in  the  normal  blood.  *  Hut 
when  the  choledochns  and  thoracic  ducU  were  both  tied  at  the  same  time, 
then  not  the  least  trace  of  bile-acida  could  be  detected  in  tbe  blood,  while 


)  Kitlcr.  Cumpt.  md..  Tome  74.  Ami  Joum.  d«  Vaniil.  «t  de  la  pbyilol.  (Robin),  1873  ; 
Hoppe  Pt-yler.  Phwinl.  Chem..  8.  81". 

■  Wcrtbeiincr  anil  Meyer,  Cumpl.  rentl.,  Touie  106 ;  Flldine,  Vlrchoif's  Arrli.,  Bd. 
ISl  ;  Stern,  ibid..  Bd.  123. 

*  Wfittertiitz.  ZiiWchr.  f.  physiol.  Chem..  Bd.  31. 

'*  K&bner,  M-e  Hcldnibalu,  PIiyBlobi^e  dcr  AbsoDderungsrorjrBnjEre  In  Hermann's 
Baodbucb,  Bd.  fi  ;  Fleiwbl,  Arbeitru  tuis  der  jthysiol.  AiinUiU  zu  I^ipr.!^,  Jftbrgmig  9. 
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it  tliej  are  alao  formed  in  oth«r  organs  and  tissnea  thej  ehonld  have  been 
present. 

From  older  etatementa  of  CijojiT  ai]d  Vulpian,  ae  well  as  Vincnow,  the 
bile-acids  also  occor  in  the  eaprarenal  capsnle.  These  statements  hare  Dot 
been  confirmed  by  later  iuveatigationa  of  8tai>elmann  aud  liEiF.i:.'  At 
tbe  present  time  wo  have  no  groiiDd  for  suppoaiug  that  the  bile-acids  are 
formed  elsewhere  than  in  the  liver. 

U  haa  beeu  indubitably  proved  that  the  bite-piffmenit  mar  be  formed  in 
other  organs  besides  the  liver,  for,  as  its  generally  a<Iiiiitted,  the  coloring 
matter  haematoidin,  wliich  occurs  in  old  blood  extravasations,  is  identical 
witb  the  bile-iHginents  bilirnbin  (see  page  Ab'T.).  L.VTBcdcviiERfiER*  has 
aiao  observed  in  horses,  under  pathological  conditiooB,  a  formation  of  bile- 
pigmcnla  from  the  blood-coloring  matters  in  the  tissnes.  Also  the  occor- 
rence  of  bile-pigments  in  tbe  placenta  seems  to  depend  on  their  formation 
in  that  organ,  wliilw  the  oceurretice  of  enmll  ipjaiitities  of  liile-piginents  in 
the  hlood-sertim  of  certain  animals  probably  depends  oi]  an  alisorption  of 
the  same. 

Although  tbe  bile-pigments  may  be  formed  iu  other  organs  besides  the 
liver,  still  it  is  of  first  importance  to  know  what  bearing  this  organ  has  on 
the  elimination  and  formation  of  bile-pigmenta.  In  this  regard  it  mnst  be 
recalled  that  the  liver  is  an  excretory  organ  for  the  bile-pigments  circnlat- 
ing  in  the  blood.  Tarchanofp  has  observed,  in  a  dog  with  biliary  Jistnla, 
that  intravenous  injection  of  biHriihin  causes  a  very  cotislderable  increase  in 
the  bile-pigments  eliniitiated.  This  stJitement  has  been  coadrmed  lately  by 
the  investigations  of  Vossids-* 

XiitneroQB  experiments  have  been  made  to  decide  the  qnestion  whether 
the  bile-pigments  are  only  eliminated  by  the  liver  or  whether  they  are  also 
formed  therein.  By  experimenting  on  pigeons  Stkeen  was  able  to  detect 
bile-pigmonts  in  the  blood-genim  five  honrs  after  tying  the  biliary  jiossages 
alone,  while  after  tying  all  the  ve&dels  of  the  liver  and  also  the  bilimi7 
paasagea  uo  bile-pigmeula  conld  bo  detected  either  in  the  bloo<l  or  the 
tissues  of  the  animal,  which  was  killed  10-12  hours  after  the. operation. 
MiKKOwsKi  and  Xaunyn'  have  also  found  that  poisoning  with  areeni- 
nretted  hydrogen  prodnces  a  liberal  formation  of  bile-pignients  and  the 
secretion,  after  a  short  time,  of  a  nrine  rich  in  biliverdin  in  previonsly 
healthy  gecae.     In  geese  with  extirpated  livers  this  does  not  occnr. 

No  such  experiments  can  be  carried  out  on  mammalia,  as  they  do  not 
live  long  enough  after  the  operation;  stiU  there  is  no  doobt  that  thid  organ 


'  Zeilscljr.  r  iilij'Binl.  Cliein.,  Bd.  19,  In  whicti  llic  older  Itterulure  may  bi*  found. 
'  SfC  Mftlj'i  Jnhrcslwr  ,  IW.  16,  nod  MoDHlsliffle  t.  Cht-m.,  Bd.  11. 

*  Tarchu,D"lT,  PnRger'n  Arch.,  Btl-  6;  VoMlui,  ciud  fioni  SUtlelmaiin.  Dtr  Idem*. 

*  Stern,  Atcb.  f.  ex{}.  Futb.  u.  Pliariu.,  Ud.  lU;  Minkowski  and  Nuuuyn,  ibid,,  B<L 
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is  the  cbicf  Beat  of  the  formation  of  bile-pigtnents  nnder  phjeiolo^cal  coii- 
ditione. 

In  regard  to  the  materials  from  which  the  bile-acids  are  prodnced,  it 
may  be  eaid  with  certainty  tltat  the  two  components,  glycocoll  and  tannn, 
which  are  both  nitrogenized,  are  formed  from  tiie  protein  boiJies.  In  regard 
to  the  origin  of  the  non-iiitrogenized  choluiio  acid,  which  was  formerly 
coDBidere<l  as  originating  from  the  fats,  we  know  nothing  positively. 

The  blood-coloring  matters  are  considered  aa  tiie  niother-subatance  of 
the  bile-pigitiente.  If  llio  identity  of  ha>tnalnidjri  unii  biliruhju  was  eettled 
beyond  a  donbt,  then  this  view  might  be  considered  as  proved.  Inile|ien(l- 
ently,  however,  of  thla  identity,  which  is  not  admitted  by  all  inveatigatora, 
the  view  that  the  bile-iiigmenta  are  derived  from  the  blood-coloring  matters 
has  strong  arguments  in  its  favor.  It  has  been  shown  by  eereral  experi- 
menters that  a  yellow  or  yellowiuh-red  pigment  can  be  formed  from  the 
bloo«l-coloring  iimtters,  which  gives  Guklin's  Uat,  ami  whicli,  though  it 
may  not  form  a  complete  bile-pigment,  is  at  least  a  step  in  its  formation 
(IjATsrnEsuEKUEK).  A  fiirthcf  proof  of  the  formation  of  the  bile-pigments 
from  the  blood-coloring  matters  coneists  in  the  fact  that  hirmiitin  yields 
nrohilin,  which  is  identical  with  hydrobilirnhin,  on  reduction  (see  Cliapter 
XV).  Fnrther,  hrpmatoporphyrin  (see  page  151)  and  bilirnhin  are  isomers, 
according  to  N'ENrKi  atui  HiF.nKit,  and  nearly  allied.  The  formation  of 
bilirahin  from  the  hlootl-coloring  matters  is  shown,  according  to  the  obser- 
Tatious  of  several  investigators,'  by  the  appearance  of  free  hiemoglobin  in 
the  plasma — produced  by  tlie  deatructiou  of  the  red  corpuscles  by  widely 
differiug  influences  (see  below)  or  by  the  injection  of  hn<mnglobin  solntion 
— ca[ieing  an  increased  formation  of  bile -pigments.  The  amount  of  pig- 
ments in  the  bile  is  not  only  considerably  increased,  bnt  the  bile-]>igment8 
may  even  pass  into  the  urine  nnder  certain  circumstances  (ictertis).  After 
the  injection  of  hn>mog1obin  soUition  into  a  dog  eitlier  sub  en  tan  eon  sly  or  In 
the  peritoneal  cavity,  STAUKi-MANX  and  CJokodkcki  '  observed  in  the  secre- 
tion of  pigments  by  the  bile  an  increase  of  til^,  which  lasted  for  more  than 
twentv-foiir  hoars. 

If,  then,  iron-free  bilirnhin  is  derived  from  the  lia>matin  containing  iron, 
then  iron  most  be  split  oJI.  This  process  may  be  represented  by  the  follow- 
ing formula,  according  to  Nenckt  and  Sikbf.r  :*  C„rf,,N,O.Fe-(- 2II,0— Fe 
=  •iC'„II„\,0,.  The  question  in  what  form  or  combination  the  iron  ta 
split  off  is  of  special  interest,  and  also  whether  it  is  eliminated  by  the  bile. 
This  latter  does  not  seem  to  be  the  case.  In  100  parts  of  bilirubin  which 
are  eliminated  by  the  bile  there  are  only  1. -1-1.5  parts  iron,  according  to 


>  See  Bliideltiiiinn,  D«r  Icienis.  etc.     Stuttgart,  1691. 

■SeeStadvlmiinn.  ihOi. 

•  ApcIl  f.  exp.  Path.  u.  Ptianii.,  Btl.  24,  8.  440. 
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Si'NKKL;  wliile  100  parts  haauiatin  contain  about  9  ]>arU  iron.  MiXRonsKi 
and  lUsi^KiN' '  have  also  iountl  tliat  the  abundant  formation  ot  btle-pigmente 
occurring  in  iwisoniiig  by  arseniuretted  liydrogen  does  not  increase  the 
qaantity  ot  iron  in  the  bile.  The  quantity  apparently  does  not  carre&ponil 
with  that  in  the  deconipo«ed  blood-coloring  matters.  It  folloirs  from  t!ie 
researohoK  of  several  investigators*  that  the  iron  ia,  at  least  chiefly,  retained 
hy  the  liver  aa  a  ferruginous  pigment  or  j)rotein  substance. 

What  relationship  docs  the  formation  of  bile-acids  bear  to  tlie  formation 
of  bile-pigments  V  Arc  these  two  chief  constttnents  of  the  bile  derived 
simultaneously  from  the  same  m&terial,  and  can  we  dutoct  a  certain  couuec- 
tion  between  the  formation  of  bilirubin  and  bile-acids  in  the  liver?  The 
investigations  of  STADF.i.iiASN  teach  ne  that  this  is  not  the  case.  M'ith 
increased  formation  of  bile-pi^meiits  Uie  bile-acids  decrease  and  the  sapply 
of  hfemogloblu  to  the  liver  acta  in  strongly  increasing  tlie  formation  of 
bilirubin,  but  Bimultanconsly  strongly  decreases  the  production  of  bile- 
ucida.  According  to  Stadelmakn  the  formation  of  bile-pigments  and 
bilo-acids  is  due  to  a  Bpeciul  activity  of  the  cells. 

According  to  the  reaearches  of  Pl'ollse'  the  spleen  has  the  property  of 
retaining  bodies  nec^esAury  for  tiie  preparation  of  the  bile-pigments  in  the 
liver  and  gradnally  transferring  them  to  the  liver  tlirough  the  portal  vein. 
On  the  extirpation  of  the  spleen  these  bodies  mnst  be  deposited  in  other 
organs,  namely,  the  marrow,  and  then  passes  to  the  liver  throagh  the  great 
circulation.  Ou  remuvitig  the  spluun  llie  secretion  of  bile-pigments 
diminishes  to  even  less  than  one  half.  The  spleen  extirpation  does  not 
otherwise  e.\ercise  any  inllnence  on  the  specific  gravity  of  the  bile  or  the 
percentage  of  solids  and  bodies  soluble  in  alcohol. 

An  absorption  of  bile  from  the  liver  and  the  pasaago  of  the  bile  oon- 
stitnents  into  the  blood  and  nrine  occurs  in  retarded  discharge  of  the  bile, 
and  usually  in  diHerent  forms  of  hepaiugenic  icterus.  But  bile-pigments 
may  also  pass  into  the  urine  under  other  circumstances,  especially  in 
animals  where  a  solution  or  destraction  of  the  red  blood -corpuscles  takes 
placa  through  injection  of  water  or  a  solution  of  biliary  salts,  through 
poisoning  by  other,  chloroform,  arseuiurotted  liydrogen,  phoaphoniB,  or 
toluyltndiamiu;  and  in  other  cases.  This  occurs  also  in  man  in  grave 
infectious  diseases.  We  have  therefore  a  second  form  of  ictemsr  in  which 
the  blood -coloring  matters  are  transformed  into  bile-pigments  elsewhere 
than  in  the  liver,  namely,  in  the  bloo<l — a  hantatogenic  or  anhejmtwjenic 


'  Euoke),  Pflttgcr**  Arch..  Bd.  14  ;  Minkowftkl  and  B««erin,  Arcb.  (.  exp.  Path.  u. 
Pbarm.,  Bil.  S3. 

*  8«eNaiiDyi]  niid  HJukuwaVi,  Arcb.  T.  exp.  Path.  u.  Pluirin.,  Bd.  SI;  LniBclivubefSBT. 
1.  c. ;  Xeiimnnu,  Virrhow's  Arch  ,  Bd.  Ill,  atid  the  iiUirulureiu  fool-uoie  3,  p   207> 

*  Dii  Bols-ReymoDd's  Arcb.,  19M. 
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icterus.  The  occurrence  of  a  bffitnAtogeDio  icterns  baa  been  made  Tery 
probable  bv  tbe  important  inveatii^ationa  of  Minkowski  and  Naunyk, 
Afasassiew,  Siltikkhann,  ami  esjiecially  HrAHKi.MAXN.'  1'}iis stiiU'inent 
has  1)een  confiriried  in  certain  of  the  above- mentioned  catteR,  as  after  poi- 
Boning  with  phoaphorua,  tolnylendiamin,  and  arseninrettcd  hydrogen,  by 
direct  experiment. 

Tbe  icterus  is  also  in  these  cases  hepatogenic;  it  depends  upon  an  alisorj)- 
tion  of  bile'pigniente  from  the  liver,  and  this  absorption  seems  to  originate 
ia  th«  different  cases  in  gomewhat  diHerent  vrayi).  Thiii^  tlie  bile  may  be 
TiBCons  Rod  cantie  a  atowing  of  the  bile  by  counteracting  the  low  secretion 
preeenre.  In  other  cases  the  fine  biliary  passages  may  be  compressed  by  an 
abnormal  swelling  of  the  liTer-cells,  or  a  catarrh  of  the  bile-paasages  may 
occur  causing  a  stowage  of  the  bile  (Stadelhann). 

Bile  Concretions. 

The  concrement«  which  occur  in  tbe  gall-bladder  Tary  oonsiderably  in 
size,  form,  and  number,  and  are  of  three  kinds,  de[>eiiding  upon  tbe  kind 
and  nature  of  the  Wdies  forming  tlieir  chief  mass.  One  group  of  gall- 
liones  contains  lime-pigment  as  chief  constituent,  the  other  choleBterin,  and 
the  third  calcium  carbonate  and  phosphate.  The  concremcnts  of  tlie  liist- 
mcnlioned  group  occur  very  seldom  in  man.  The  so-called  choltjsi^rin 
stones  are  those  wliich  occur  most  frequently  in  roan,  while  the  lime-pigment 
stones  are  not  found  very  often  in  man,  but  often  in  oxen. 

The  piymetti-siaues  are  generally  not  large  in  man,  but  in  oxen  and  pigs 
they  are  sometimes  found  the  size  of  a  wahiut  or  even  larger.  In  most 
cases  they  consist  chiclly  of  bilirubin-calciuni  with  little  or  no  biliverdin. 
Sometimes  also  small  black  or  grttenish-blark,  metaUi(r-IookiTig  stones  are 
fonnd,  which  consist  chiefly  of  bilifascin  along  with  biliverdin.  Iron  and 
copper  seem  to  be  regular  conetituenta  of  pigment-stones.  Manganese  and 
zinc  have  also  been  found  in  a  few  oase&.  1'lie  pigment-stones  are  gcnendly 
heavier  titan  water. 

The  choIesUrin-atiniet,  whose  size,  form,  color,  and  atructare  may  vary 
greatly,  are  often  lighter  than  water.  The  fractured  surface  h  radiated, 
crystalline,  and  frequently  shows  crystalline,  concentric  layers.  The 
cleavage  fractnre  is  waxy  in  appearance,  and  the  fractured  surface  when 
robbed  by  tbe  uail  also  becomes  like  wax.  By  rubbing  ngninst  each  other 
in  the  gall-bladder  they  often  become  fnceted  or  take  other  remarkable 
shapes.  Their  surface  is  sometimes  nearly  wliite  and  waxlike,  but  generally 
their  color  is  variable.  They  are  sometimes  smooth,  in  olber  cases  they  are 
rough  or  uneven.     The  quantity  of  choleetertu  in  the  atouee  varies  from 

I  ■  Tlia  Uteriiturt  tielooglug  u>  IbU  subject  U  foupd  iu  SladelmAnu,  Der  Icterus,  etc 

I    Stotlgart,  189L 
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642-081  p.  m.  (Rittf.r').  The  choleeterin-stoiies  also  sometiniee  coobun 
variable  amonDts  o£  lim^'pigmenU  which  giv«  them  a  rerj  changeable 
appearnnco. 

Cholesterin.  This  body  is  goiierally  coDsiderod  as  a  nionovaleut  alcohrJ 
of  the  formnla  C'^^H^.Oif.  According  to  recent  in  rest  igat  iocs  it  h%&  beeti 
shoiTQ  tiiat  the  muleciile  contains  27  atoms  of  carbon.  The  formula  is 
either  0„n„OII  (OherwOllbr)  or  C„n,,01I  (M.vfTHKEtt  and  Suida]. 
Uy  tlie  action  of  coucenCrated  sulpharic  acid  or  phoBplioric  aoid,  bat  also  in 
other  ways,  hydrocarbons  are  obtained,  which  are  called  chohtterilint 
choiegieron,  and  rltolesterilene  (Zwexaeb,  Walitzkt,  and  others).  Maito- 
XER  and  SriDA,*  who  have  closely  studied  these  hydrocarbons,  hare  been 
able  to  prepare  a  crystalline  cholesterliu  by  heating  cholesterin  with 
aiihydroTis  copper  sulphate.  On  oxidation  cholestenn  yields  partly  indif- 
ferent and  partly  acid  prodncts,  which  seem  to  indicate  a  close  relationship 
between  cboEciiterln  and  cholslic  acid.  The  hydrocarbons  stand,  according 
to  Whyi.,*  in  cIoBc  cotmcction  with  the  terpene  group. 

Cholesterin  occiire  in  small  amounts  in  nearly  all  animal  fluids  and 
jiiioes.  It  occnrs  only  rarely  in  the  nrino,  and  then  in  very  small  qnanti- 
lies.  It  is  also  found  in  the  ditTerent  tissues  and  organs— especially 
abundant  in  the  brain  and  the  nerrous  system, — ^forther  in  the  yolk  of  the 
egg,  in  semen,  in  wool-fat  (together  with  isocholesterin),  and  in  sebum.  It 
appears  also  in  the  contents  of  the  intestine,  in  excrements,  and  in  the 
inecouiiim.  It  occurs  pathologically  Bs{>ecia1ly  in  gall'Sbones,  as  welt  as  in 
utberoniatons  cj&ls,  in  pus,  in  tuberculous  ma.<uteH,  old  transudatiODis  cystic 
tlnids,  sputum,  and  tumors.  It  does  not  exist  free  in  all  cases;  for  exam- 
ple, it  oxista  in  pure  as  fatty  acid  esters  in  wool-fat,  blood,  and  brain. 
Seroral  kinds  of  choteateria,  called  phytoshrints^  have  been  found  in  the 
plant  kingdom. 

Cholesterin  which  crystallizes  from  warm  alcohol  on  cooling,  and  that 
which  is  present  in  old  tmnsudatlous,  contains  1  mol.  ot  water  of  crystalliza- 
tion, molt»  at  WT)"  C,  and  forms  colorlestt,  transparent  plates  whose  sidei 
and  anglea  frequently  appear  broken  and  whoso  acute  angle  is  often  7G*  30' 
or  67*^  30'.  In  large  quantities  it  appears  as  a  maas  of  white  plates  which 
shine  like  mother-of-pearl  and  hare  a  greasy  feel. 

Cholesterin  is  insolable  tu  water,  dilute  acids  and  alkalies.  It  is  neither 
dissolved  iior  changed  by  boiling  canstic  alkali.  It  is  easily  solnble  in  boil- 
ing alcohol,  and  crystallizes  on   cooling.     It  dissoWes  readily  in  ether, 


'  Joum.  d«  t'aoat.  ct  de  In  pliysjni.  <linliln).  "[Ht-l. 

*  OtwrmQIlCT,  Du  Bi>is-RflyiiiuDi]'a  Airli..  1880.  »m3  Zellsclir.  f.  pbyiiol.  Chum.,  Bd 
15;  Mftnlhncr  and  Sulda,  WIom.  Siizuiieisbcr.,  Mftib.  Nitt.  Cllus^  Bd.  108,  Ablb.  3», 
wbicb  also  coutainE  itie  older  literaturv, 

■  I>u  Bui»-R(!;moQd't  Arch..  1880,  S.  182. 
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chloroform,  and  benzol,  and  also  in  the  volatile  or  fatt^  oils.    It  ij  diidulred 
to  a  aliglit  extent  by  &lk»H  isalle  of  the  bile-aciils. 

Among  the  many  combiiiutionft  of  cholestcrin  titudied  by  OnuitMULLEB, 
the  propionic  eater,  C,U,.CO.O.C„II,„  is  of  special  interest  because  of  the 
bebariorof  the  fused  combiDation  on  cooling,  and  \%  need  in  the  dotcctiun  of 
choletfterin.  For  iho  detcctiun  of  cbolesterin  we  make  ose  of  its  reaction 
■Kith  concentrated  sulpboric  acid,  which  gives  colored  products. 
I  If  a  mixtare  of  Ore  parts  Balphiiric  a^-id  and  one  part  water  acta  on  a 
v'aolesteriii  orsytal,  thi^  crystal  vill  hIjovt  colored  rings,  tinit  a  bright 
carmine-red  and  then  violet.  This  fact  \a  made  Dse  of  in  the  nucroscopio 
detection  of  cholcstorin.  Another  test,  and  one  very  goo^l  for  tho  micro- 
scopical detection  of  cholesterin,  consl^ta  in  treating  the  crystaU  (irstt  vitb 
tlie  above  dilate  acid  aod  then  with  some  iodine  solution.  The  crystals  n-ill 
be  gradually  colored  violet,  bluish  green,  and  a  beautiful  blue. 

Salkowski's'  Reiietion. — The  cholesterin  is  dissolved  in  chloroform 
ftud  then  treated  vith  an  eqnal  votnme  of  concentrated  snlphurlc  acid. 
The  cholesterin  solntion  becomes  first  binish  red,  then  gradually  more 
Tiolet-red,  while  the  aiilphnrio  aciJ  appears  dark  red  with  a  greenish 
lliioreBcence.  If  the  chloroform  eoliiiion  is  poured  into  a  porcelain  disb  it 
becomes  violet,  then  green,  and  linally  yellow. 

LiBBERMAKN-llrKniAiio's'  lieai-fi'Hi. — DisBolve  the  cholesterin  in  abont 
|S  0.0.  chloroform  and  add  first  10  drops  aijolio  anhydride  and  then  concen- 
trated sulphnric  acid  drop  by  drop.  The  color  of  the  inixtnre  will  first  be  a 
beautiful  red,  then  blue,  and  linally,  if  not  too  Qiuch  cholesteriu  or  sul|iliuric 
■cid  is  present,  a  permanent  green.  I  n  the  presence  of  very  Httle  cliolesterin 
the  green  color  may  appear  Immediately. 

Purii,  dry  clioleslerin  wlieti  fiisetl  In  n  loflUtiil>e  over  a  low  flume  wftli  Iwo  to  ilirce 
drops  pnpiouic  mihydrMc  ylcKis  n  mnM  wlilclj  on  cooling  Is  lirsi.  violet.  iht»  Mup, 
jgrocu.  oiuii^*?,  citiinine  led.  ami  tinnlly  €i>]iper-re<l.     It  is  brat  to  re-fuse  tbie  uiuss  ou  n 

finm  rud  iiud  llivn  to  ulMvrve  tlie  rod  on  coollug,  holding  It  agatusl  u  dark  buck^rroiind 
OaeHui:i.i.Bn). 
'  ;^'iiiKr'a  lifitftion.  If  a  lllllc  clioleateriii  Is  plsced  In  n  poivclnlii  (\[*.\i  willi  ibe  wldl. 
>tiou  of  a  few  dtopnof  a  inutureof  two  lo  thrt-e  Tiilit,  cone.  lirOtoclilorJc  iicld  or  su)- 
pliutk'  NcitI  aud  oijc  v<il.  of  h  iiK-diuiii  Ni>litliiiii  of  Turrk  t;bl«riilc'.  iiDd  rnrrr^iUv  cviipo- 
rmied  tn  ilryoi'ssoveru  smrill  tlnmc,  u  i-i'ildinb-viukl  rcijjcliiv  is  ijrst  olimineil  iiiul  tlicu  a 
tiluish  vi<il«t. 

If  ■  Ptnnil  auanlilj  of  ctinli-^lcrin  ia  p%iiprirntc(l  to  ilryti«iM  with  a  clni;t  of  L-oncen. 
trated  nitric  add.  we  ubtata  a  yellow  Ep>H  wi)k'ti  becomes  deep  oi-aDge-rcd  with  ain- 
innnin  or  cAiiMlr  sodii  inot  it  Hmrantrrislic  rc'sclioa]. 

Koprofltariii  is  tlie  na,me  glvpn  liy  BoynzYSflKi  for  the  ehnlenteHn  liiolntfrt  hy  Itlin 
from  liiuiinii  fieces,  wliicli  was  pn-pufcd  larlier  by  Pi.lNT*aml  UKif;DRlVil  ttirrform.  ll 
disaolvt*  in  cold,  abeolute  ftlci»h<>l  iiriil  very  i»-a<illy  in  ellur.  rlilori>fnnii,  ami  bi'DKol, 
.Jtcryslallizea  la  fine  aeMlleawlilcL  mi-lt&t  96-lfU'C.  audls  dexlro-i-oimory,  (i(D]=  ^•34. 


'  PflOffer'sArrfi..  Bd.  6. 

■C.  LU-bcrtn&nD.  Bcr.  A.  deulBcta.  cliem.  GeMllepli  .  Bd.  18,  S.  1804:  It.  Biircbard;. 
Belirflgc  ziir  KvDulnIa  dcr  Cbolcitttriiiu.     Roiilock.  1889. 

*  Biitidiynskt,  Bcr.  d.  dcutscb.  clicm.  OesellKclb..  Bd.  90;  BoodivuBki  and  Hum- 
,nl<-k'.  Zi-liHcbr.  f.  pliymiol.  Chcm.,  Bd.  Ti ;  Flint,  Und.,  Bd.  28,  lutd  Aiult.  Jouni,  Med. 
lliciiihccv,  I  (MS. 
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■i  gives  the  same  color  reactloos  as  cholesterin,  with  the  exception  that  It  doea  not  Eire  % 
reuoifuu  with  propiouic  auhydiide.  According  to  Bokdztnbki  and  Hummickx  It  Ua 
diliydrocUolesteriu,  with  ibe  formula  CnHnO,  which  is  derlTeil  iu  the  buman  intestine 
by  the  reduction  of  ordinary  choleatorla.  These  inrestigfitorg  have  found  another  cho- 
lesterin. hippokoproBterin,  with  the  formula  diUttO,  in  horses'  fnces. 

Isooholesterin  is  a  cholesterin,  so  called  by  ScHf^LZE,'  with  the  formola 
C,,H,,OH,  which  occara  in  wool-fat  and  is  therefore  fonnd  to  a  great 
extent  in  ao-cniled  lanolin.  It  does  not  give  Salkowski's  reaction.  It 
melts  at  138-138.5°  C. 

We  make  ase  of  the  so-called  cholesterin-atones  in  the  preparation  of 
cholesterin.  The  powder  is  first  boiled  with  water  and  then  repeatedly 
boiled  with  alcohol.  The  cholesterin  which  on  cooling  separates  from  the 
warm  filtered  solation  is  boiled  with  a  solution  of  canstlo  potash  in  alcohol  so 
as  to  saponify  any  fat.  After  the  evaporation  of  the  alcohol  we  extract  the 
cholesterin  from  the  residue  with  ether,  by  which  the  soaps  are  not  dis- 
solved, filter,  evaporate  the  ether,  and  purify  the  cholesterin  by  recrystal- 
lization  from  alcohol- ether.  The  cholesterin  may  be  extracted  from  tisanes 
and  fiuids  by  first  extracting'with  ether  and  then  purifying  as  above.  It  is 
detected  and  determined  quantitatively  in  tissue,  etc.,  by  this  same  method. 
It  is  ordinarily  easily  detected  in  transudations  and  pathological  formatioDa 
by  means  of  the  microscope. 

■  Ber.  d.  deulsch.  chem.  Oesellsch.,  fid.  6;  Journal  f.  prakt.  Chem.,  N.  F.,  Bd.  39, 
3.  45S ;  and  ZeiUchr.  f.  physlol.  Chem.,  Bd.  U,  8.  533.  See  also  £.  Bcbuize  and  J. 
Barbieri,  Journal  f.  prakt,  Chem.,  N.  F.,  Bd.  25,  B.  159.  In  regard  to  the  formula  for 
iaochotesterin,  see  DarmstOdter  and  Lifschutz,  Ber.  d.  deutscb.  chem.  Oeaellach.,  Bd. 
31,  and  E.  Schulze,  ibid.,  S.  1200. 
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Tbb  parpoea  of  the  digeBtioo  is  to  separate  those  constittienta  of  the 

food  which  t^drrc  as  the  nutriment  of  the  body  from  those  which  are  iispIcbb, 
and  to  separate  each  in  such  a  form  that  it  may  be  takeu  np  by  the  htood 
from  the  alimentary  caital  and  employed  for  the  rariotiH  purposes  in  the 
organism.  This  demundR  not  or.ly  mechanicjd  bnt  also  chemical  action. 
The  tirst  action,  which  is  essentially  dependent  niwn  the  physical  properties 
oF  the  food,  consists  in  a  tearing,  cutting,  crashing,  or  grinding  of  the  food, 
and  serves  chiefly  to  conrert  tlie  niitritiro  bodic»  into  a  Roliible  and  eusily 
absorbed  form,  or  ia  the  Gplitting  cf  the  same  into  simpler  comhiiiatiotts  for 
nse  in  the  animal  Hyntheses.  The  solution  of  tlie  natritive  bodies  may  take 
place  in  certain  castw  by  the  aid  of  waUir  alone,  bnt  in  most  caaes  a  chemical 
metamorphoBis  or  cleavage  is  necessary,  and  ia  effected  by  means  of  ttie  acid 
or  alkaline  fluids  secreted  by  the  glands.  The  study  of  the  proceseeB  of 
digestion  from  a  chemicHl  standpoint  must  therefore  Wgin  with  tlie  diges- 
tire  flnida,  their  qnalltatire  and  quantitative  composition,  as  well  as  thetr 
action  on  the  natriroents  and  foods. 

I.  The  SuUvury  Glunds  niid  the  Hnliva. 

The  salivary  glands  are  partly  nlhumitmua  glnnda  (us  the  rarotid  in  man 
and  nmtiintaU  ami  the  snbmaxlllary  in  rabbits),  partly  muctnes  gUnuh  (as 
•ome  of  the  small  glands  in  the  buccal  cavity  and  tbe  snbliDgual  and  sub- 
maxillary glands  of  many  animals),  and  partly  mixtd  gUvids  (as  tlie 
anbtuaxiUary  gland  in  man).  The  alreoH  of  the  albiimin-glandtt  contain 
cells  which  are  rich  in  proteid,  bnt  contain  no  mucin.  The  alveoli  of  the 
roncin-glanda  contain  cells  rich  in  mucin  but  poor  in  proteid.  Cells 
arranged  in  different  ways,  bnt  rich  in  proteids,  also  occur  in  the  submaxil- 
lary and  sublingual  glands.  According  to  the  analyses  of  Oidthann  '  the 
salivary  glands  of  a  dog  contain  790  p.  m.  water,  200  p.  m.  organic  and  10 
p.  m.  inorganic  solida. 


'  Cft.    front  Oonip-BrRaoK,  r<chrbuch  r1.  physJol.  Cbem.,  4.  Aufl..  S.  783. 
Bgures  ttiere  givva  ■uiuual  to  1010  parU  Inatcad  of  IDOO  puts. 
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Among  the  aollds  we  find  mucin,  proteichf  nucUoproieid*,  fiurUin^ 
enztfnifs  iiui3  tlieir  zymogens^  besides  extractive  bodies,  /eucin,  xatUhin  boditit 
and  mineral  subslancu. 

The  occitrn-iinc  of  a  mii^inogen  hns  aoL  been  proTecI.  On  the  complete  retnoTi]  of 
nil  luiK-iu  JK.  UoLHOREN  '  found  DO  muciuogea  in  tbe  submaxillary  glftnd  of  tti«  vx.  bul 
u  iiuidti-llkn  glycoiiuclcoproiciil. 

The  saliva  is  u  uiixtiire  of  tbe  secretion  of  tbe  ubore-iueDtiDned  groapi 

o(  glaiulti;  therefore  it  is  proper  that  we  firtit  study  each  of  the  difTerert 
BBcretiotiK  by  itiielff  and  then  the  mixed  salira. 

The  sabmaxillary  saliva  in  nmn  ma;  be  oasil;  collected  by  iotroduciiig 
a  canida  through  the  pttjiillary  opening  into  Wharton's  duct. 

The  submaxillary  salira  has  nob  always  the  same  composition  or  propcr- 
ties;  this  depends  essentially,  as  shown  by  experiments  on  animals,  npen 
the  cotidlLiuDij  under  which  the  secretion  takes  place.  That  is  to  say,  Ibe 
Becretion  Is  partly  dependent  on  the  cerebral  aysleni,  through  the  facial 
fibres  in  the  chordu  tympuni  and  partly  on  tlie  sympathetic  nerrons  systent, 
through  the  libres entering  ttie  vessels  in  the  gland.  In  conaeqacnce  of  thij 
dependence  the  two  distinct  varieties  of  submaxillar}'  secretion  are  distiit- 
gaiehed  as  chorda-  and  sympathetic  saliva.  A  third  kind  of  aaliva.  the 
BO-calleil  jmrnhftir.  stiHva,  is  secreted  after  poisoning  with  ciirani  or  after  the 
severing  of  the  glandular  nerves. 

The  difference  between  chorda- and  sympathetic  saliva  (in  dogs)  ooiigista 
chielly  in  their  quantitative  constitution,  iiamoly,  the  less  abnndant  syui- 
pat[iotic  saliva  is  more  viscoim  and  richer  in  solids,  especially  in  mncin, 
than  the  more  abunrlant  chorda-saliva.  The  specific  gravity  of  the  chorda- 
saliva  of  the  dog  is  1.00^0-1.0056  and  contains  l'i-14  p.  m.  solitli 
(Ki'KHAKii').  The  sympathetic  Uim  aBpecific  gravity  of  1.0075-1.018,  with 
16-38  p.  m.  soliilfl.  The  g'uses  of  the  chorda-saliva  have  been  invoaligateij 
by  PklCukk.'  lie  found  U.5-0.S,<*  oxygen,  0.9-l;i  nitrogen,  and  64.73- 
85.13!t:  curbon  dioxide — all  results  calculated  at  0°  C.  and  700  mm.  preasure. 
The  greater  part  of  tlic  carbon  dioxide  wiis  chemically  combined. 

The  tivo  kinds  of  submaxillary  secretion  just  named  have  not  tlius  far 
been  Eeparately  studied  in  man.  The  secretion  may  be  exciteii  by  a  mor&l 
emotion,  by  mastLcation,  and  by  irritating  the  iniicons  menihrano  of  the 
month,  especially  with  ncid-tastlng  sabatances.  The  sabmaxillary  saliva  in 
man  is  ordinarily  clear,  rather  thin,  a  little  ropy,  and  froths  easily.  Itt 
reaction  is  alkaline.  The  specifio  gravity  is  1.002-1.003,  and  it  contsios- 
3.0—4.5  p.  m.  solids.*     We  tind  as  orgaoic  constituents  niacin,   ttvces  of 

•'  k  ^^"^^^^ 

CpMla  Lttlcnref.  Forb.  (N.  P.).  Bd.  2;  nlaoUaly's  Jahrcsl<cr.,  Bd.  27. 

•CiLfd  from  KQhue,  Lt^tirh.  il.  pliyflk'l.  Ont-m.,  8.  7. 

"P-  -  Arcl...  nil,  1. 

"Clivniie  der  Vcninuuugsiiarn;   uiii]  der  Vcniaimng"  in   Heriucaii'a 
Th.  2.  8.  18.     Tbis  artfciv  coaUliit  also  llie  pcniuviil  llunlunt. 
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Ijiroteid  anJ  din^tatic  enzyme,  vhicb  ia  absent  in  several  species  of  animals. 

The  inorganic  bodies  are  alkali   clilorideii,  Rodium  and   niagne.-iiuin   plios- 

jphatee,  besides  Mcarbonatesof  tlie  alkalies  and  calcium.     Potaeeinrti  stilplio- 

>-«*yanldd  occnrs  in  this  salira. 

The  SnbLingoal  Saliva.  The  Fecretiou  of  tbia  saliva  ia  also  inflnenced 
by  the  cerebral  and  the  syniimthetic  nervous  gyatem.  The  chorda-Baliva, 
vhich  is  secreted  only  to  a  smslL  extent,  contains  numerous  salivary  corjms- 

cles,  bat  is  othentise  transparent  and  very  ropy.     Its  reaction  is  alkaline 

and  contains,  according  tw  UEiiitNiiAiN,'  27.5  p.  m,  aolids  (in  dogs). 

I  The  etiblingiial  secretion  iu  man  is  clear,  mucilagiuons,  more  alkaline 
than  the  Bubmaxlllary  salira,  and  contaiuB  mucin,  diastatic  enzyme,  and 
potaasiam  siilpbocyanide. 

Buccal  mucus  can  only  \)e  obtained  pnre  from  animals  by  the  method 

rAuggeeted  by  Biddeb  and  SciiMinT,  which  consists  in  tying  the  exit  to  all 
the  large  salivary  glands  and  cutting  oil  their  necretinn  from  the  mouth. 

[  The  quantity  of  liqnid  secreted  tinder  these  circumstances  (in  dogg)  was  so 

I  very  amall  that  the  investigators  named  were  able  to  collect  only  2  grma. 
baccal  mucus  in  the  conree  of  twenty-four  hours.  It  is  a  thick,  ropy, 
Micky  liquid  containing  mucin;  it  is  rich  in  form-elenierits,  above  all  in  flat 
epithelium-cells,  itnicous  cells,  and  salivary  corpnscleA.  The  quantity  of 
solids  in  the  buccal  mucus  of  the  dog  is,  according  to  BinitBK  and 
Schmidt,'  9.98  p.  m. 

Parotid  Saliva.  The  secretion  of  this  saliva  U  also  partly  dependent  on 
the  cerebral  nervous  system  (n.  gloHsopbaryngene)  and  partly  on  the 
snnpathetic.  The  secretion  may  be  excited  by  mental  emotions  and  by 
irritation  of  the  glandular  nerves,  either  directly  (in  animals)  or  rodexly,  by 
mechanical  or  chemical  irritation  of  the  mucous  membrane  of  the  mouth. 
Among  the  chemical  irritants  the  acids  take  first  place,  while  alkalies  and 
j>uDgent  Kubstoiices  have  little  action.  Bwcet-ta»tiug  bodieH,  Fiich  as  liotiev, 
are  aaid  to  have  no  effect.  Mtutication  lias  groat  influence  in  the  neretion 
of  paroUd  aalira,  which  is  especially  marked  in  certain  herbivora. 

Uuman  parotid  saliva  may  be  readily  collected  by  the  introduction  of  a 
cuinia  into  STKKtiOx\s  dur.t.  This  saliva  is  thin,  less  alkaline  than  the 
■nhmaxillary  saliva  (the  first  drops  are  eometimes  nentral  or  acid),  withont 
special  odor  or  toate.  It  contains  a  little  proteid  but  uo  mucin,  which  is  to 
be  ex]>ected  from  the  construction  of  ihe  gland.  It  also  contains  a  diastatic 
enzyme,  which,  however,  is  absent  in  many  animals.  The  quantity  of  solids 
varies  between  5  and  16  p.  m.  The  specific  gravity  is  l.nori-1.012. 
Potassium  sulphocyanide  seems  to  be  present,  though  it  is  not  a  constant 
constituent.     KClz*  found  1.46^  oxygen,  3.2^  nitrogen,  and  in  all  6G.7^ 

,  *  Stu^lvn  (1.  physlnl.  lostltiiis  Kit  Brestnii,  Hefr  4. 

■  Viv  ViTdauunj^rto  unil  dur  Htuffivecluel  (MlUu  uid  Lelpxlg.  18GSX  8.  OL 
>  Zeiuchr.  f.  BIoIokIc,  Bd.  S8. 
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carbon  dioxide  in  btiman  parotid  saliva.     The  qnantit;  of  finnlr  combined 

carbon  dioxide  was  0'2^. 

The  mixed  boccal  ftoliva  In  man  is  a  colorlesB,  faintlj  opalescent,  slightlj 
ropy,  easily  fn>ttiii)g  lieiuid  without  apcclal  odor  or  taste.     It  is  made  tnrbid. 
by  epiLbeliiim-cells,   nnicoiiK   and    salirary  corpuscles,  ami  often  by  food 
residues.     Like  the  sabmaxillary  and  parotid  saliva,  on  exposure  to  the  air 
it  becomoB  covered  vlth  an  incmBtation  consisting  of  calciam  carbonate  and 
a  Bmall  i:|imntity  of  au  organic  aubstanco,  or  it  gradually  becomes  clondy. 
Its  reaction  is  generally  alkaline  to  litmas,  and  according  to  CHtTTEXiiBir 
and  Ely  it  correeponda  to  tbe  alkalinity  of  a  0.8  p.  m.  Ka,CO,  soIntiOD. 
Still  tbe  alkalinity  varies  {CniTTKvnEN  and  RicnAKDs)  ami  may  also  be 
acid,  iLd  fainid  by  Stiuckeu'  to  be  tlie  case  some  time  after  a  meal.     Tbe 
spcL'iliL-  gravity  varies  between  1.00*^  and  l.OOS,  and  the  qaaatity  of  solida 
between  S  and  10  p.  ni.     The  solids,  irrcBpectivo  of  the  form-coiifttituents 
mentioned,  consist  of  proteid,  mucin,  two  enzymes,  piyalin  and  glucose^  and 
viimral  Itodiejs.     It  is  also  claimed  tbat  urea  Is  a  normal  couatitaent  of  the 
saliva.     Tlie  mineral  bodies  arc  alkali  ohlorideH,  bi carbonates  of  the  alkalies 
and   calcium,   phosphates,  and    traces  of   siilfiliates,   nitrlies,  and  salpho- 
cyanides  (0.1  p.  m.  MirKK.)  and  ammonia.     KkCueb'  has  recently  sbovn 
that  t!io  saliva  from  smokers  contains  more  sulphocyanides  than  that  from 
noH-flniokers. 

Snlphocyaatdee,  vhich,  although  not  constant,  oconr  in  the  saliva  of 
man  and  certain  animals,  may  be  easily  detncted  by  first  acidifying  the 
i^aliva  with  hydrochloric  acid  and  treating  witii  a  rory  dilute  sobition  of 
ferric  chloride.  As  control,  eajwcially  in  the  presence  of  very  small  quan- 
tities, it  is  betit  to  com]iii.re  tbe  te^t  with  another  teat-tube  containing  an 
equal  amount  of  acidulnted  water  and  ferric  chloride.  Other  methods  have 
been  suggested  by  Gscheidlek  and  Solera.  The  qnantitative  eatimation 
can  be  done  according  to  Muxk's'  method. 

Ftyalin,  or  salivary  diastase,  is  the  amylolytic  enzyme  of  the  saliTa. 
This  enzyme  is  found  in  human  saliva,'  hut  not  in  that  of  all  animals, 
especially  not  in  the  typical  CimiTora.  It  occnrs  not  only  in  adults,  bat 
also  in  new-born  infanta.  Zwkifel*  claims  that  the  ptyalin  in  netr-boro 
infante  occurs  only  in  the  parotid  gland,  but  not  in  the  sabmaxillary. 
In  the  latter  it  appears  only  two  months  after  birth. 

*  Cbltteail«ii  nud  BIy.  Am«c.  Cliem.  Joiirn.,  Vol.  4,  1&S3 ;  Cblrtcndeu  tinil  lUchardi, 
Amer.  Juurn.  of  Pliyslol.,  Vol.  1 ;  Strieker,  died  from  Centnlbl.  [.  Pbjr«)ol..  Bd.  S.  8. 
W7. 

*  ZelUcbr.  f  KHa   H«!.,  Bd.  83. 

>0«cb«idien.  Mi^ly'H  J&bte^bcr..  B(L  4;  Bolcra.  see  aid..  Bdd.  7  and  6;  Hunk,  Vir- 
chow's  Arch..  Bd.  6fi. 

*  Iq  regard  (u  Ihc  rurlation  la  llie  qusnlity  of  plyiilio  in  biiniiui  Baltva  sM  :  ITofbflu«t. 
CcDlralbb  f.  Pbyoiol..  Bil.  10.  and  Chlctenden  and  Rlchftrds,  Aoijir.  Joum.  of  Pfayilol.. 
Vol.  1. 

■  UntersticliUDgtdi  Qber  deii  VerdsuuDgisppitmt  drr  Xi'iifrbon-nen.     BerHo.  1874. 


According  to  H.  OoLDBCiuitDT '  itic  saUva  (piimtid  sallTn)  of  thi>  buTseftoes  not  ron. 
Uin  plyaliii,  but  a  ]cyiuoj^t;n  of  lUe  »imr,  whik-  In  other  uiiimtLls  mtrl  miin  t)i»'  pyittlin  U 
fotuiL'il  fruiii  iLc  zj-mogeD  diirliiL'  »wreiloii.     In  lioi^es  tL«  zyiiioKcn  ts  tiautfortJiKii  iino 

Bynlio   duriiij'    iiuutlicutiim,  Btid   Imclvria  aoom    to  ffivc  Uit   iiiipvilse    lu    lliU  c)iiin{;e. 
uring  preclpTtatioD  with  alcobol  the  zymogen  it  cliiinget]  Into  pijalln- 

Ptyalin  has  not  been  isolatcri  in  n  pnre  form  up  to  the  present  time.  It 
can  be  obtained  purest  by  C'oiiNiiKiii'ri '  method,  which  consists  in  carrvinK 
the  enzyme  down  mechanically  with  a  calctain-phoBphate  precipitate  anu 
washing  the  precipitate  with  water,  which  dissolves  tlie  ptyalin,  and  fi^m 
which  it  can  be  obcaiued  by  precipitatiug  with  ulcoboL  For  the  stody  or 
demonitration  of  the  action  of  ptyalin  we  itiay  nsc  a  watery  or  glycerin 
extract  of  the  salivary  glands,  or  simply  the  saliva  itself. 

Ptyalin,  like  oilier  enzymes,  is  characterized  by  its  action.  This  coneistg 
in  converting  starch  into  deitrius  and  sngar.  In  regard  to  the  process 
going  on  tn  this  convention  we  are  not  quite  clear.  In  general  it  may  be 
deBcribed  as  follows:  In  the  tlrst  ntages  soluble  starch  or  amidulin  is  formed. 
From  this  amidulin,  erylhrodextrin  and  sugar  are  produced  by  hydrolyiic 
cleavage.  The  erytlirodeitrin  then  splits  into  a-acltroodeitrin  and  »\\\pxT. 
Front  this  acliroodextrin  by  splitting  /3-achroodextrin  and  sngar  are  formed, 
and  finally  this  ^-achroodextrin  splits  into  sugar  and  j'-achroodextrin. 
According  to  a  few  investigators  the  nninber  of  dcxtrins  formed  as  inter- 
niet1iat«  steps  is  different.*  It  is  only  within  a  very  short  time  that  it  haa 
>)een  made  clear  what  kind  of  iingar  is  prodnced  in  this  process^  For  a 
long  time  it  was  considered,  that  dextrose  was  the  sngar  formed  from  starch 
and  glycogen,  but  Seboek  and  0.  Nasse  have  shown  that  this  is  not  true. 

Mrsoi'Li's  and  v.  -Merixo  have  ihown  that  the  sugar  formed  by  the 
action  of  saliva,  amylopsin,  and  diastase  npon  starch  and  glycogen  is  in 
greatest  part  maltose.  Tliis  has  been  Aubetantiated  by  Bkown  and  Ueron'. 
Lately  E.  Ki'LZ  and  .1.  Voi;Er.'  Iiave  ilemonBtrated  that  in  the  sawdiarifii^a- 
tion  of  starch  and  glycogen  isomaltose,  maltotte,  and  some  dextroM  are 
formed,  ibe  varying  qnantitiea  depending  upon  the  amoani  of  ferment  aodl 
length  of  action.  The  formation  of  glucose  is  claimed  by  Tebb,  Eoiimaxk 
and  nAHiu'uuEU*  to  be  only  a  prodnct  of  the  inversion  of  the  maltose  bj 
the  glncase. 

In  the  past  ptyalin  and  malt  diastase  were  not  (wnsidered  identical  on 


1  ZdlKltr.  (.  phrtiol.  Chem..  Bd.  10. 
*yircbow-B  Areb..  Bil.  SS. 

■  See  Chspter  III.  p.  80. 
•  Seegen.  Ceotmlbl.  f.  A.  med.  Wlwensch..  1676,  and  Pflaper'i  Arch..  B^.  19  ;  Naaw. 

A£rl  .  Bd.  H;  Miisricliisand  v  Mering,  Zeitscbr.  f.  pbysiuL  Chizm.,  B<i.  'i  .  Hi-imn  mid 
Uerua,  lileblg's  AuDaK,  Bdd.  IM  and  SM;  KqIz  and  Vogel,  ZeEucbr.  f.  Bbilogiv,  Ud. 
81. 

■  Tebb,  Journ.  of  PbyiloL.yo).  16  l  Kobinano,  Ber.  d.  deuUcb.  cbem.  OeMtlitcb., 
Bd.  87:  Hamburger,  PaOger'a  Arcb..  Bd.  00. 
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accotint  of  the  different  temjwratuTOS  at  which  they  are  moet  active.     The 
correctness  of  sncli  a  view  lias  been  disputeii  by  ttie  reaearehea  of  Pi'mlisb.' 

The  uotion  of  ptynlio  in  v^riotis  reactinus  Iuls  heen  ttio  Bubjccb  of 
numerous  inveatigatious.'  Naturally  ttto  alkaline  saliva  is  Tery  active,  but 
it  id  not  lid  active  u^  when  noiilral.  It  may  be  aLill  inoro  active  under  cir- 
oumstancus  in  faicitly  acid  reaction,  and  according  to  OiiiTTF.N'Dt:N  and 
Smith  it  acta  better  when  euoQgb  hydrocbloric  acid  is  added  to  saturate 
tbe  proteids  preseut  titan  vrlivn  only  simply  neutralized.  Wben  Uic  acid- 
combined  proteid  exceeds  u  certain  amount,  then  the  diastatic  action  in 
diminished.  The  addition  of  alkali  to  tbe  salira  decrea&es  its  diustatic 
action;  on  ncntralizing  the  alkali  with  acid  or  carbon  dioxide  the  retarding 
or  prev(>nti?e  action  of  tlie  alkali  is  arrested.  According  to  ScniKBiiECK 
carbon  dioxide  has  an  accelerating  action  in  neutral  litjuida,  while  EiifsTEiN 
cjjiims  that  it  hua  as  a  rule  a  retarding  action.  Organic  as  well  as  inorganic 
acids,  wben  ailded  in  Biifftciunt  quantity,  may  stop  the  diastatic  action 
entirely.  Tbe  degree  of  acidity  necessary  in  this  case  is  not  always  the 
Bftme  for  a  certain  acid,  but  is  dependent  upon  the  qnantity  of  ferment. 
The  same  degree  of  acidity  in  the  presence  of  largo  amounts  of  ferment  has 
a  weaker  action  than  in  the  presence  of  emaller  quantities.  Hydrochloric 
acid  is  of  special  physiological  interest  in  this  regard,  namely,  it  prevents 
the  formation  of  sugar  even  in  very  small  imionnta  (0.03  p.  m.).  ITydro- 
chloric  aciil  has  not  only  the  property  of  preventing  tlio  formation  of  sugar, 
but,  as  shown  by  Laxui.ey,  Nylen,  and  others,  may  entirely  destroy  the 
enzyme.  This  is  important  in  regard  to  the  physiological  significance  of 
the  saliva.  That  boiled  starch  (paste)  is  ijuickly,  and  unboiled  starch  only 
slowly,  converted  into  angaria  also  of  interest.  VarioQS  kinds  of  nnboiled 
starch  are  converted  with  different  degrees  of  rapidity. 

Tbe  rapidity  with  which  ptyalin  acts  increaees,  at  least  under  conditions 
otlienvtso  favorable,  with  the  amount  of  enzyme  and  with  an  increasing 
tetnjierature  to  a  little  above  -\-  40"  0.  Foreign  substances^  sach  aa  metallic 
lalts,*  Imre  diflerent  eHects.  Certain  arlts  even  in  small  iguantities  com- 
pletely arrest  the  action;  for  example,  UgCI,  accomplishes  this  result  com- 
pletely by  the  presence  of  only  0.00  p.  m.  Other  s^ts,  snch  as  magnesium 
anlphate,  in  small  qnantitiea  (0.25  p.  m.)  accelerate,  and  in  larger  qnantitiei 


'  PflOger'i  Arch..  Bd.  69. 

*  Bi-e  UaiiimnnitGii,  Muly's  Jaliruabcr.,  Bd.  1  ;  Cliittciidon  and  OriawoliI,  Amrr.  CImn. 
Joiiru.,  Vol.  3;  Langley,  Journal  of  Ptiyniol.,  Vol.  3;  Nylcu.  Maly's  Jahresber,  Ifal.  13, 
8.  S41  ;  Cbittcndeii  atiil  Ely.  Amer.  CIidui.  Jniini.,  Vnl  4  ;  r.[iii);ley  And  Eves,  Joumsl 
of  PUyiiol.,  Vol.  A  :  Cliiacndcn  and  SjnltU.  Ynle  College  Siudlwi,  Vol.  I.  1885.  p.  1 ; 
8cblaJng«r.  VIrcbow'a  Amli.,  ]i<l.  13S:  .Sliiorheck,  Skanil.  Arch.  f.  Pbyilol.,  Bd.  8: 
Sbstciu  and  C.  Scliulze,  VirclioWa  Arcli.,  Bd.  134. 

*  Sve  O.  Name,  PflQger'a  Arch..  Jid.  11.  snd  ChillendoD  and  Fainter,  Tale  Coileg* 
^tu<lie5.  Vol.  1,  1885.  p.  62. 


(S  p.  m.)  check  the  action.  The  presence  of  peptone  has  an  accelerntiiig 
Bcliou  on  the  sugar  formntioa  (Chi-ttexdex  and  Hmrn  ami  others).  The 
aci-utnulafion  of  the  products  of  the  amyiolytie  decomjyoaHhn  also  checks  the 
BcLiou  of  the  sftlira.  This  has  been  shown  hy  epecial  experiment's  made  by 
Sn.  Lea.'  He  mntle  pamllel  experiments  with  digeKtiniiA  in  test-ttiltcs  and 
in  tliulyzers,  und  found  on  the  remoral  of  the  prodacts  of  the  amjlotytio 
decomposition  by  dialysis  that  the  formation  of  sngar  took  place  sooner, 
bat  also  that  consitlorahty  nmro  maltose  and  less  dextrin  was  formed. 

To  show  the  action  of  sidirafir  ptyalin  on  starch  the  tliree  ordinary  tests 
for  dextrose  may  be  naed,  niiniely,  .Mooke's  or  Trommeh's  test  or  ttie 
hifmulh  fvet  (seo  Chiiptor  .\V|.  It  is  iiUo  necessary,  oa  u  control,  to  lirat 
test  the  8tarch-pa«te  and  the  niWva  for  the  presence  of  dextrose.  The  steps 
formed  in  the  transformation  of  stjirch  into  amidnlm,  erythrodeztrio,  and 
ochroodexcrin  may  be  shown  by  testing  with  iodine. 

Olucasf  only  occnrs  in  saliva  to  a  slight  extent.  It  converts  maltose 
into  glucose.  According  to  .Stiik-Kku*  saliva  also  has  the  power  of  splitting 
sulphuretted  hydrogen  from  the  anlphnr  oils  of  radishes,  onions,  and  certain 
other  kitchen  Tegetables. 

The  quantKativc  composition  of  the  mixed  saliva  must  vary  considerably, 
not  only  because  of  individual  differences,  bnt  also  because  nniler  varying 
conditions  there  may  be  an  nne<|nHt  division  of  the  secretion  from  the  differ- 
ent glands.  We  give  below  a  few  analyses  of  human  saliva  as  cxamj)le  of 
its  composition.     The  results  arc  in  ])artB  per  lOOO. 
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'  Joiirn.  of  Phystol.,  Vol.  11. 
•Mtlncb.  mcd.  WocbcuBcbr. ,  BiJ.  48. 

■Zelucbr.  f.  physlol.  Ctiem..  Dd.  5.  The  other  toaljies  are  oitcd  from  Miily, 
Cliemle  dor  VErdatiungstftrti;.  Herm&nu'a  Handbucb  d.  Phytbl.,  Bd.  S,  Tb.  3,  B.  14. 
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The  qaantity  of  saliva  secreted  during  24  hours  cannot  be  exactly  deter- 
mined, bat  has  been  calcnlated  by  Bidder  and  Schhidt  to  be  1400-1500 
grms.  The  most  abnndant  secretion  occurs  daring  meal-timeB.  According 
to  tho  calcalations  and  determinations  of  Tuozek*  in  man,  1  grm.  of  gland 
yields  13  grms.  secretion  in  the  coarse  of  one  hour  daring  mastioatioii. 
These  figares  correspond  fairly  well  with  those  representing  the  average 
secretion  from  1  grm.  of  gland  in  animals,  namely,  14.2  grms.  in  the  horse 
and  8  grms.  in  oxen.  The  qaantity  of  secretion  per  honr  may  b«  8  to  14 
times  greater  than  the  entire  mass  of  glands,  and  there  is  probably  no  gland 
in  the  entire  body,  as  far  as  we  know  at  present — the  kidneys  not  excepted 
— whose  ability  of  secretion  under  physiological  conditions  equals  that  of 
the  salivary  glands.  A  remarkably  abnndant  secretion  of  saliva  is  indnced 
by  pilocarpin,  while  atropin,  on  the  contrary,  prevents  it. 

Thongh  an  abundant  secretion  of  saliva  is  prodaced,  as  a  rnle,  by  an 
increased  supply  of  blood,  still  it  is  not  a  simple  filtration  process,  as  seen 
from  the  following  circamstances.  The  seoretion-pressnra  is  greater  than 
the  blood-preseare  in  the  carotid,  and  in  poisoning  by  atropin,  which 
paralyzes  the  secretory  nerves,  an  increased  supply  of  blood  is  produced  by 
irritation  of  the  chorda,  but  no  secretion.  The  salivary  glands  hare  more- 
over a  specific  property  of  eliminating  certain  snbstances,  such  as  potassiam 
salts  (SA.LKOWSKI  *),  iodine,  and  bromine  combinations,  but  not  others,  sach 
as  iron  combinational.  Ik  is  also  noticeable  that  the  saliva  is  richer  in  soUdi 
when  it  is  eliminated  quickly  by  gradually  increased  irritation,  and  in  laiger 
quantities  than  when  the  secretion  is  slower  and  less  abundant  (Heidem- 
uain).  The  amount  of  salts  increases  also  to  a  certain  degree  by  au 
increasing  rapidity  of  elimination  (Heidenhain,  Webther,  Lakglet  aud 
Fletcher,  Novi'). 

Like  the  secretion  processes  in  general,  the  secretion  of  saliva  is  closely 
connected  with  the  processes  in  the  cells.  The  chemical  processes  going  on 
in  these  cells  during  secretion  are  still  unknown. 

The  Physiological  Importance  of  the  Saliva,  The  qaantity  of  water  in 
the  saliva  renders  possible  the  effects  of  certain  bodies  on  the  organs  of  taste, 
and  it  also  serves  as  a  solvent  for  a  part  of  the  nutritive  substances.  The 
importance  of  the  saliva  in  mastication  is  especially  marked  in  herbivora, 
and  there  is  no  question  of  its  importance  in  facilitating  the  act  of  swallow- 
ing. The  power  of  converting  starch  into  sugar  is  not  inherent  in  the 
saliva  of  all  animals,  and  even  when  it  possesses  this  property  the  intensity 


'  Bidder  and  Schmidt,  1.  c,  8.  18;  Tuczek.  Zeitschr.  f.  Biologic,  Bd.  19. 

»  Vircbow'8  Arcli.,  Bd.  63. 

■  HeidcQliaia,  PQQger's  Arch.,  Bd.  17  ;  Werlher.  Ond..  Bd.  88  ;  Longley  aod  Fletcher, 
Proc.  Roy.  Soc,  Vol.  45,  and  especially  Pliil.  TrftDs.  Roy.  8oc.  London,  Vol.  180 ;  Novf, 
Du  Bo!s-Reymoiid's  Arch.,  1888. 
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TftTteft  in  different  aiiimala.  In  man,  whoM  salira  forms  SQf^r  rapidly,  a 
formation  of  sagar  from  (boiled)  starch  Ttndoiibt«<Ily  takes  place  in  the 
mouth,  bnt  how  far  thi&  action  goea  on  after  the  morsel  lias  entered  tbe 
Btomoch  lUpends  upon  the  rapidity  with  which  the  acid  gastric  jnJco  niixea 
with  the  swallowed  food,  and  also  upon  the  relaliro  anioonts  of  the  gastric 
juice  and  food  in  the  stomach.  Tbo  largo  quantity  of  water  which  is 
swallowed  with  the  saliva  must  bo  absorbed  and  pass  into  the  blood,  and  it 
must  g'o  through  an  intermediate  circulatiou  in  the  organism.  Thna  the 
organism  posscases  in  the  saliva  an  active  medium  by  whiob  a  constant 
stream,  conveying  the  dissolved  and  Gitety  divided  bodies,  passes  into  the 
blood  from  the  intestinal  canal  during  digestioo. 

Salivary  ConeremeaU.  The  sn-cnllEd  lurlnr  b  yclliiw.  prny.  yollnwisji  Eray,  hrown  or 
black,  anil  liiu  n  Anniitle'l  slncctiire.  Il  tnay  cniiuifii  editi-  llimi  20fl  p.  iti.  i-ri^aiiic  sul>- 
Blancvs,  which  r»iiBi*I  (jf  nnidii,  v)>itt'ctiutn,  iim!  lkptotuiux-cuainb.  The  fhi«f  [lait 
of  the  ItiorgAiilc  coimi  lliipiilii  coiisisw  of  rivlriiiii)  niHmniUH  ami  plii)W|ihBU'.  The  SAllvnrr 
Calculi  may  varjr  in  ttzo  fn^ni  ibjtt  of  n  smaU  grain  to  iliai  uf  a  rwa  or  still  lar);i-r  (u  iuilf- 
Tary  calpiifiis  has  brpn  foinid  Wfi);lilnff  18. Q  g;irTiiii  ),  niiil  it  nonlnlnsa  vnrJnhle(|unniity  of 
oreatiic  aulwtaDces  (50-360  p-  m).  wlHch  r<>uialD  od  extracting  ili«  calculus  nvIiIi  hydro- 
cbloric  odd.    Tbe  chief  liiorgaalc  cooBthuoDl  fa  calcium  carbonate. 

II.  The  GlandH  of  tlio  Mu<;on»  Membrane  of  the 
Stoinarh,  ami  the  GaHtriv  •liiiire. 

Since  of  old,  the  glands  of  the  mucous  coat  of  the  stomach  have  been 
diTided  into  two  distinct  kinds.  Those  which  occur  in  the  greatest  abun- 
dance and  which  have  tho  greatest  eize  in  the  fundus  are  called  fundut 
fflaniJSy  also  rennin  or  pepsin  glands.  Thoeo  which  occur  only  in  the  neigh- 
borhood of  the  pylorus  have  received  the  name  of  pyhric  glands^  sometimes 
also,  though  incorrectly,  called  vmcous  ghmtls.  The  mncous  coating  of  the 
stomach  is  covered  throughout  with  a  layer  of  columnar  epithelium,  which 
is  generally  considered  a?  consiBting  of  goblet  cells  that  produce  mucus  by  a 
zaetamorpho&is  of  tbe  protoplasm. 

The  fundns  glands  contain  two  kinds  of  celU:  AriKLOUonpnic  or  chief 
cells,  and  ijei.omorphic  or  parietal  cells,  tlie  latter  formerly  called 
KEN'KjN  or  pepsin  cells.  Both  kinds  consiat  of  protoplasm  rich  in  proteids; 
bnt  their  relationehip  to  coloring  matters  seems  to  show  that  tbe  albuminous 
bodies  of  both  are  not  identical.  The  nucleutt  must  consist  chiefly  of 
nnclein.  Besides  the  above-mentioned  constituents  the  fandua  glands 
Lcontain  as  more  sj^ecific  constituents  two  zymagensy  which  are  the  mothcr- 
■tibctancee  of  the  pepsin  and  tlie  mtni'/i,  besides  a  small  quantity  of  fat  and 
cholesterio. 

The  pylorio  gland*  contain  cells  which  are  generally  considered  is 

related  to  the  above-mentioned  chief  cells  of  the  fundus  glands.     As  these 

[glands  were  formerly  thought  to  contain  a  larger  quantity  of  nmcin,  they 

irere  also  called  mucous  glands.     According  to  Ueidenhain,  independent 
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of  the  columnar  epitholiam  of  the  oxcrelory  dacte  they  take  no  part  worthy 

of  niontiou  ia  the  formation  of  mucus,  which,  according  to  his  views,  is 

effected  by  the  e]iitlielitim  covering  the  raucous  membrane.     The  pyloric 

glands  also  seem  to  contain  the  zi/mogens  referred  to  abore.     Alkali  chlo- 

ride?,  alkali  phofiphates,  and  calcium  pltosphates  are  foand  in  the  muconB 

coating  of  t!ic  stomach. 

Lib^iiKRMANK  ■  has  obtaJDvO  nil  acid-renolin^'  reiiiduc  on  d{e«HiDj;  tbe  mucosa  nf  Uie 
Etoiniii'ti  with  |ii-;Miii  liyiliocUlorir  iiclil,  wliirh  8(Tan^i.-ly  cuumned  no  nurlvlu,  but  only 
ft  proteid  containing  li-cithin,  culled  k-cllhHlbiiDitn.  To  Mils  k-ciDtsIbiiuiiii  be  n^cribosa 
griuiit  iinporlHUce  in  lUe  aecruliuu  of  liyilioclilni  ic  ucid  (see  bi^luwj. 

The  Gaitrio  Jaice.  The  observations  of  Helu  and  Bbacmokt  on 
persons  with  gastric  fisttila  led  to  ttio  suggestion  that  gastric  fistnlas  be 
made  oo  auimuU,  and  this  operatioa  was  lirst  performed  by  ItAssovr*  in 
1843  on  a  dog.  VERSEUtb  perrormed  the  same  on  a  man  in  1876  with 
snccBBsfnl  resrilts.  Pawi.ow  '  ha*  recently  improved  tho  Burgery  of  gaatrio 
fistula  and  has  added  much  to  tbe  study  of  the  gastric  secretion. 

Tbe  secretion  of  gastric  juice  is  not  continaous.  at  least  in  man  and  tlie 
mammals  experimented  upon.  U  only  occurs  under  psyeliic  iiitluence,  and 
also  by  irritation  of  the  mucous  membrane.  According  to  tlie  ordinary  viuw 
this  irritation  may  be  of  a  mechanical,  thermic,  or  cheniiciU  nature.  Among 
the  hitter  wo  imdiide  alcohol  and  ether,  whinh  ivhRn  in  too  great  concentra- 
tion do  not  produce  a  physiological  secretion,  but  a  transudation  of  a 
neutral  or  faintly  alkaline  fluid.  To  this  class  certain  acids,  carbon  dioxide, 
neuti-al  saJta,  meat  extraots,  spices,  and  other  bodies  also  belong,  but  unfor- 
tnnately  the  reported  observations  are  uncertain  and  contradictory. 

The  most  ezbanstive  researches  on  tho  secretion  of  gastric  juice  (in  dogs) 

has  been  done  by  Pawldtv  and  his  pupiU.* 

In  ohUt  Io  O'biain  Rusltic  jiili-c  frra  frnin  aalivn  and  food  restdun  they  arraDf«d 
beBiilcA  n.  ^HKlHc  tisluitL  &i&u  iiu  a-Buphngua  liotulu  from  wliicb  Uk-  swallowci)  fnod  could 
lie  witliilniwii  ivitlt  the  Bnlivn  nJLluuit  entering  tlie  stoniiwli,  nut]  in  tIiIh  itn  ApjHiricDt  feed- 
ing wiH  ]x>s8lble.  In  thix  wny  \t  wnx  possible  to  singly  tbe  Iiitlueace  uf  psycblcsl 
niomeDUs  on  one  Mile  ami  Ibe  direct  action  ul  food  on  tlie  ihucouh  mtKinltmnv  oo  Ibo 
other.  Aftur  a  inctbod  snggcBierl  by  tlKioRNnAts  Bml  I«t*r  Improved  by  Pa.wi.ow  and 
KnuiJNK.  tliuy  baveauuceeiled  In  pri'CtHrin^  :i  blind  snc  by  imriialdisnectiun  of  tin-  fuudua 

5 art  of  ih«  Biomncli,  and  llie  sHcretmn  urivcesses  eniild  be  Hlurlled  In  Ibis  bhc  wbile  ibe 
igesiiuii  iu  the  utber  puitu  of  the  stoinaub  was  going  oo.     In  th!a  way  th«y  w«r«  able  to 
study  ibe  uctliMi  of  different  foods  on  llie  ecoration. 

The  most  essential   results  of  the  investigations  of  Patclow  and  his 

pnpils  are  as  follows:  Mechanical  irritation  of  the  mncosa  does  not  prodtice 

1  PflQger'a  Arch..  Bd.  50.  ^  ~~ 

*  Rvlin,  Zw«i  KroukeageitcbicbteD.  Wien,  1808.  Cit.  from  Uerroouu'a  nmodbuch, 
Bd.  5.  Til.  2,  8.  SD.  Boftumonl,  "The  Pbyslology  of  Digestion,"  188S  ;  Baasow.  BulL 
de  la  sue.  des  Dalur.  de  Moscou,  Tooie  16,  Cil.  from  Maly  in  Uermanu's  nandburh, 
Bd.  S,  S.  8a  :  Vemeull.  we  Ch.  Bichct.  "  Dii  Sac  gastriyue  cbez  Ihomme."  etc.  (Pari% 
1878),  p.  158. 

'  Pawlow.  Die  Arbeit  d«r  VcrdauuDgsdrilacn  fWiesbadeo,  1888),  where  Ibe  worka  of 
bia  pupils  ar«  aUo  meutioued. 
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BOT  secretion.  Clieminal  and  mechanical  trritationa  of  the  mncons  niem- 
braoe  of  the  month  cause  no  reflex  exciUitioii  of  t!io  secretory  nerrea  of  the 
stomach.  There  are  only  two  momenta  wliich  canse  a  secretion,  namely, 
the  psychical  moment — Llio  passionate  desire  for  food  and  the  sensation  of 
KatiKfaction  and  pleasure  on  partaking  it — and  the  chemicn]  moment,  tho 
action  of  certain  chemical  subBtauees  on  tbc  mucins  menibmne  of  the 
BU>niacb.  The  first  moment  is  the  most  important.  The  secretion  occnr- 
rinjr  nndcr  its  influence  by  tho  ragns  fibres  appears  earlier  than  that 
produced  by  chemical  irritants,  but  always  after  a  panse  of  at  least  4^ 
minntes.  This  secretion  is  more  tibniiclunt  but  le^  continaons  than  the 
"chemical."  It  yields  a  more  acid  and  active  juice  than  the  Inticr.  An 
chemical  irritanle,  whicli  cause  a  secretion  rellexively  through  the  Btomach 
mucosa,  we  include  only  water  and  certain  unknown  extractive  substances, 
coiitiiiried  in  meat  ami  ment  extracts,  in  inipnro  peptone,  and  uIro,  it  Kecms, 
in  milk.  Carbonated  alkalies  have  a  preveritire  instead  of  an  acceieraCiii<; 
action  on  secretion.  Fats  have  a  retarding  action  on  the  appearance  of 
secretion,  and  diminish  tlie  fjuantity  of  jnice  secreted  as  well  as  the  amount 
of  enzyme.  The  substances,  snch  as  egg-albumin,  wliich  act  as  cliemical 
irritants  cannot  be  digested  by  tlie  "  psychical  "  secretion,  but  may  perhaps 
cause  a  chemical  RocreLioii  by  their  dt^compoe^itioii  pmdnct«. 

The  quantity  of  juice  secreted  during  digestion  is  proportional  to  the 

qnantity  of  fowl,  nnd  the  secretion  of  gastric  j'nicc  mayalso  be  influenced  bj 

the  kind  of  foiul.     Thia  action  of  Tarioutt  foods,  meat,  breati,  and  milk  may 

^Le  arranged  in  prngressire  series  as  follows: 

^V  The  acidity  is  greatest  vith  a  meat  diet  and  lowest  with  bread  ,  the 
quantity  of  enzyme  is,  on  the  contrary,  highest  with  a  bread  diet  and 
lowest  with  milk. 

We  know  hardly  anything  positively  in  regard  to  the  condition  in  man, 
and  the  reports  at  hand  are  Tery  contradictory.  There  is  hardly  any  donbt 
that  in  man  also  varions  foods  have  an  inllnence  on  the  secretion  in  different 
wayg,  and  it  seems  as  if  the  extractive  subgtancea  of  meat  arc  the  most, 
powerful  of  the  chemical  irritants  {VERHAEnKX  '). 

The  Qufiliiatife  and  Quauiilalive  Composition  of  the  Gastric  Jyice, 
The  gastric  juice,  which  can  hurdly  he  obtained  pure  and  free  from  resldiica. 
of  the  food  or  from  mncns  and  saliva,  is  a  clear,  or  only  very  faintly  cloudy, 
anr]  in  man  nearly  colorless  fluid  of  an  insipid,  acid  taste  and  strong  ncid 
reaction.  It  contains,  as  form-elements,  glandular  c^lh  or  their  nuctei, 
minus-rttrpufrjM,  nnd  more  or  less  changed  coltimnar  ept'thelmm. 
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The  acid  reaction  of  the  gastric  juice  depends  on  the  presence  of  free 
acid,  which,  as  we  have  learned  from  the  itivestigotiona  of  C  Schmidt,. 
RiciiET  and  others,  ooneista,  when  tlie  gastric  juice  is  jiure  and  free  froml 
particles  of  food,  chiefly  or  in  large  part  of  fit/drocAioric  add.  (Jostejeas  • 
baa  regularly  fouml  trttf!e«  of  lactic  acid  in  tlie  pure  gastric  jitice  of  fasting 
dogs.  After  i»artaknig  of  food,  especially  after  a  meal  rich  in  carlm- 
hydrates,  lactic  acid  occurs  abandantly,  and  sometimes  acetic  and  butyric 
acids.  The  quantity  of  free  hydrochloric  acid  in  the  gastric  jnice  of 
dogs,  is  commonly  considered  to  be  about  d-3  p.  ra. ,  bnt  these  figures 
are  not  baaed  on  pnre  gastric  jnice,  as  Pawlow  and  his  pnpils  have  shown 
that  the  gastric  juice  of  the  dog  contains  5-C  p.  ni.  and  that  of  the  cat  an 
average  of  5.30  p.  ni.  IICl  (RiASANTZEK*).  lu  man  tlie  acidity  has  been 
fonnd  to  vary  considerably,  but  it  is  generally  calculated  as  2-3  p.  m.  IICl, 
According  to  Vekhakoe.v's  researches  there  is  no  doubt  that  pure  hanian 
gastric  juice  from  perfectly  healthy  persons  has  a  higher  acidity.  There  U 
hardly  any  doubt  that  at  least  a  part  of  the  hydrochloric  acid  of  the  gnstrio 
juice  does  not  exist  free  in  the  ordinary  sense,  but  combined  with  organic 
substances.' 

Perfectly  fresli  gastric  juice  seems  to  contain  a  little  coagulablo  nocleo- 
protoid,  but  contains  nlbuuioses  on  standing  for  some  time.  Among  the 
organic  bodies  are  found  a  little  tnucin  and  two  enzymes, />tf;?«i>i  and  rennin, 
especially  in  tiiun. 

Tiie  Bpecific  gravity  of  gastric  juice  is  low,  1.001-1.010.  It  is  corre- 
spondingly poor  in  solids.  Older  analyses  of  gastric  juice  from  man,  the  dog, 
and  the  sheep  have  been  made  by  C.  Schmidt.  '  As  these  analyses  refer  only 
to  impure  gastric  jnice  they  are  of  little  value.  The  (juantity  of  solids  in 
saliva-free  gastric  juice  from  a  dog  was  27  p.  m.,  with  17.1  p.  m.  organic 
substance.  The  quantity  of  free  liyilrochloric  acid  was  3.1  p.  m.  Besides 
these  Schmidt  found  XaCl  1.40;  CaCl,  0.0;  KCl  1.1;  NH^Cl  0.5;  earthy 
phosphates  1.9;  and  FePO^  0.1  p.  ra.  TS'encei'  found  5  milligrams 
snlphocyanic  acid  per  liter  of  gastric  juice  of  a  dog. 

Besides  the  free  hydrochloric  acid  pepsht  and  rennin  are  the  other 
physiologically  important  constituents  of  gastric  jnice. 

Pepsin.  This  enzyme  is  found,  with  the  exception  of  certain  fishes,  in 
all  vertebrates  thus  far  investigated. 

Pepsin  occurs  in  adults  and  iu  new-born  infants.     This  condition  ii 


I  Bidder  aud  Sctimictt,  Dl«  Verdauunssafle,  vtc,  8.  44;  RJcfaet,  1.  c;  Cootejeaa, 
CoDlributions  A  I'etudc  de  la  ptjyalol.  dc  VeHotonc.  Theses.     Paria,  1899. 
'  Arcti.  dt»  Selene,  hlol.  de  St.  H^tersboiirg,  Tome  8. 

■  S«e  Rlchet.  1.  c:  Oontejeao,  l.  c:  V«rba«geD.  1.  c;  and  the  literature  on  the  estima- 
tion of  hydrochloric  Kclij  lu  the  gnscrlc  conteiiu  (see  page  378). 

•L.  c. 

■  Bcr.  d.  dflutsch.  cbcm.  Oesullscfa.,  ltd.  88. 


different  in  new-bora  animals.  ^'Iiile  in  a  few  faerbJToni,  saoh  m  t3ie 
ntbbit,  pepsin  occurs  in  ttie  muRoiiK  coiit  before  birth,  this  enzyme  ia 
entirely  absent  at  the  birth  of  tliose  caruirora  which  hare  thus  far  been 
examined.,  such  aa  the  dog  and  cat. 

Ju  rarioiu  iovcrUbcatcs  a.  ferment  Uu  a]K)  bet-Q  found  wbicli  L&«  «  prolL^lytic  nclioa 
In  BcUl  aoiiitioRS.  ll  lina  Uceu  gbown  that  Uiiscozvnif,  novcrtbelees,  ia  not  In  all  animnia 
idfiiiical  iirith  ordlniiry  p«r»fw.  According  to  Klcu  nud  Wr6blewwii.'  the  pep»iiia 
found  hi  man  nnd  various  higher  BDimalit  am  Bomuwbal  ilillorent,  Darwik  aiici  oihvrs 
bart  further  found  thai  ccnsln  plimls  wblch  frril  upon  iospcuaecrelcan  add  juice  whicU 
di&«ilvi-i4  (irok'id,  bnL  it  i^  still  iloaibtful  wbeliier  Uie!>e  plauU  coDtata  any  pi']wlii.  t, 
0<>Kti*-Bu:»ANKZ  liH'i  holali-d  fiotii  vijiclt-si-fil  iiri  enzyme  wliich  acts  like  popsln,  but  ha 
idenlity  with  pepaiiidoiihtful.  Necueibter  has  fouatl  iboaame  in  acroapire.  aad  HjoitT' 
In  a  fungus,  poIy|>orus  snlpbun-OM. 

Pepsin  is  as  diRicutt  to  isolate  in  a  pure  couditiou  as  other  enzymea. 
The  pepsin  prepared  by  liRirrKE  and  Si'NnnKRfi  ga7e  negative  results  irith 
most  reagents  for  proteids,  and  showed  nevertheleRS  a  powerful  action  which 
Beems  to  show  that  it  is  very  jmre,  St^-iiouMow-SiMAXOwsKr  and  1'ekel- 
IIARINT. '  have  designated  as  a  true  enzyme  a  niiclcoproteid  whieli  coagulates 
on  boiling  and  is  sotixblo  in  water  and  which  separatee,  on  uooling  jierfectly 
freflb  dog  gastric  juice  and  is  active  even  on  very  strong  dilntion.  Fnrther 
ioTestigations  on  tliic)  aiilmtauue  are  very  desinible.  It  is,  at  least  in  the 
impure  condition,  soluble  in  water  and  glycerin.  It  is  precipitated  by 
alcohol,  bat  only  slowly  destroyed.  It  ia  quickly  destroyed  by  heating  its 
watery  solution  to  boiliug.  According  to  BibUNACKi*  pepsin  in  neutral 
solutiona  is  destroyed  by  heating  tu  4-  S.";"  C.  In  the  preeenoe  of  2  p.  m. 
IICl  a  temperature  of  55°  C.  is  witiiout  action;  the  pepsin  in  acid  solution 
is  destroyed  by  heating  lo  (J5°  C.  for  Qve  minutes.  On  adding  peptone  and 
certain  salts  the  pepsin  may  be  lieutcd  to  70"  C.  without  decompoamg.  In 
the  dry  state  it  can,  on  the  contrary,  be  heated  to  over  100°  C.  witlioat 
loeing  ita  phyaiological  action.  The  only  property  which  is  characteristio 
of  pepsin  h  that  it  dissolves  proteid  bodies  in  acid,  but  net  in  neutral  or 
alkaline,  solutions  with  the  formation  of  albumosos  and  pL'ptones. 

The  methods  for  the  preparation  of  relfttirely  pure  pepsin  depend,  oa  a 
rule,  upon  its  property  of  being  thrown  down  with  linely  divided  precipi- 
tjites  of  other  bodies,  such  as  calcium  phosphate  or  choleetenn.  The  rather 
coutplicated  methods  of  BkCukk  and  SuNUiiKua  are  based  npon  tlii« 
property.  PF.KRMiAniKO  makes  uHcof  apralongod  dialysis  and  precipitation 
with  0.'2  p.  m.  not.  A  relatively  pure  pepsin  solution  intended  for  diges- 
tion tests  and  of  effective  action  may  be  prepared  by  the  following  method 

'  KluR.  PflQger's  Arcli.,  Bd.  80;  Wrfiblowskl,  Zoftscbr.  f.  pliyslol.  Cbein..  I'd.  21. 

*T.  Oorup-Bflaanez,  Ber.  d.  deuUcli.  cbem.  OeselUvb.,  B<ld.  7  and  ff;  Neunu-iMiT, 
Zerucbr.  f.  Biologic.  B<I.  90  ;  Hjorl.  Centralbl.  f.  Ph)-»ii.l.,  Bd.  10. 

»  BrQcke,  Wieu.  SliKUiigsber..  Bd.  43  ;  Sundbtig.  Zeilscbr.  f.  pbyslijl.  Cbwii.,  Bd.  S  j 
BclioumoW'Simauowabi,  Arcb.  f,  exp.  Patli.  u.  Pliarm.,  fid.  83;  Pekelharlng,  Zeltscbr. 
t.  pbyilol.  CbeiD.,  Bd.  22. 

*  ZdtKbr.  r.  Blologle.  Bd.  38. 
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BB  snggeated  by  1^[alt.*     Tlio  mncous  monibrane  (of  tho  pig's  etoniacli)  is 

treated  witli  wnter  containing  phosphoric  acid,  and  the  Qltrate  precipitated 
by  lime-water;  Die  |irecipiLul.»*,  wliir^Ii  wmtaina  tlie  pepsin,  is  then  dissolved 
in  water  by  the  addition  of  hrdrochloric  acid,  ana  the  salts  remored  by 
dialysis,  by  whicli  means  the  pep&iti  winch  does  not  diffuse  remains  in  the 
dialyzer.  A  pepsin  solution  soniewiiat  impure  but  ricli  in  pepain,  and  which 
can  be  kept  (or  years,  may  bo  obtained  if,  as  enggested  by  v.  Wimciis,' 
we  extract  the  finely  divided  nnicotis  njeinbrane  with  glycerin^  or  better 
with  glycerin  which  contains  1  p.  ju.  UCl.  To  each  part  by  weight  of  the 
mucous  coat  add  10-20  parts  glycerin.  This  is  filtered  after  8-14  daye. 
The  pepsin  (together  with  mnch  albumin)  may  be  precipitated  by  alcohol 
from  thifl  extract.  It  tliiis  extract  is  to  be  used  directly  for  digeiiiinn  ttisU, 
then  to  100  e.c.  of  water  which  has  been  acidified  with  1-4  p.  m.  IlCl  add 
2-3  c.c.  of  tlie  extnict. 

For  digestion  tests  an  infnsion  of  the  mncons  membrane  of  the  stomach 
may  be  nsed  dii-ectly  in  many  cases.  The  nincoiie  coat  is  carefnlly  washed 
with  water  (if  a  pig's  stomach  is  UBod]  and  fuicly  cut;  if  a  calf's  stomach 
is  employed,  only  the  outer  layer  of  the  nincous  coat  is  scraped  ofl  with  a 
watch-gbibs  or  the  buck  of  a  liiiife.  The  pieces  of  mucons  menibntne  or  the 
eliniT  masses  obtained  by  scraping  are  rnbbed  with  pnre  qnartz-sand,  treated 
irith  acidcHed  water,  and  allowed  to  stand  for  21  honrs  in  a  cool  place  and 
then  filtered. 

In  the  preparation  of  artiQcial  gastric  juice  that  part  only  of  tbai 
mucons  coat  richest  in  pepsin  is  used;  the  pyloric  part  is  nf  little  raliie. 
A  stroDg,  impure  infusion  nuiy  generally  be  obtained  from  the  pig's 
btomach,  while  a  relstively  pure  and  pnwerful  infusion  is  obtained  from  the 
stomach  of  birds  (hens).  The  stomachs  of  fLsb  (pike)  also  yield  n  tolerably 
pure  and  active  infnsion.  An  active  atid  ruther  pure  nriificial  gastric  juice 
may  be  prepared  by  scraping  the  inner  layers  of  a  calf's  stoniacli  from  which 
the  pyloric  end  has  been  removed.  For  a  medinm-sized  calf's  stomach 
1000  CO.  of  acidified  water  ninst  be  useil. 

The  degree  of  acidity  required  in  the  iafttsion  depends  upon  the  ose  to 
which  tho  gastric  jnice  is  to  bo  put.  If  it  is  to  be  employed  in  the  digestion 
of  librin,  an  acidity  of  1  p.  m.  HCl  must  be  salected,  while,  on  the  contrary, 
if  it  is  to  be  used  for  the  digestion  of  hard-tioited-i^gg  tilijumiii,  an  acidity 
of  2-U  p.  m.  HCl  is  preferable.  This  last-mentioned  degree  of  acidity  is 
generally  the  better,  bfcaiisB  the  infusion  is  preserved  thereby,  and  at  all 
events  it  is  so  rich  in  pepsin  that  it  may  be  diluted  with  water  until  it  has 
an  acidity  of  1  p.  m.  UCl  withoat  losing  any  of  its  solvent  action  on 
unboiled  fibrin. 

The  preparation  of  acid  infnsions  is  nowadays  nnneceesary  on  account 
of  tho  ability  of  getting  various  pejwin  preparations  in  commerce  wbicii  have 
a  remarkable  activity.  Snch  a  pepsin  preparation  can  be  pnrified  when 
necessary  by  following  the  metliod  suggested  by  KC'hnk,'  Vrecipitate  the 
pepsin  together  with  the  albnmoees  by  nmmoninm  Bulphate,  press  tho  pre- 
cipitate and  dissolve  in  dilute  hydrochloric  acid,  and  let  It  nndergo  auto- 
digostion.  On  repeating  this  again  and  tlien  removing  the  salts  by  dialyeti 
we  obtain  an  extraordinarily  active  pepsin,  but  which  is  still  less  pure  tJiaa 
when  obtained  by  the  methods  of  DrCcke  and  SusDUEKO. 

>POIlger'a  Arch..  )fal.  8.  •  IfM.,  BtL  2l  ' 

■  ZeiUclir.  f.  Biolosie,  Bd.  iZ.  S.  4SSL 
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7%0  AcHoH  ^  Pepsin  on  Proisuh.  Vo\\%m  is  inactive  ia  neatral  or 
■Ikaline  reactions,  bnt  in  acid  liqaid^  it  cliesolres  coapniated  albmniDons 
bodies.  The  protcid  nlwa^vs  swells  and  becomes  transjkarcoc  before  it  dis- 
soWes-  Unboiled  fibria  Bwella  ap  iu  a  Bolution  containing  1  p.  m.  Ht'l, 
forming  a  gelatiiions  mass,  and  does  not  di^oWe  at  ordinary  temjieraliire 
within  a  couple  of  days.  Upon  the  addition  of  n  little  pepsin,  however, 
this  Bwollen  ma«3  dissolves  quickly  at  an  ordinary  temperattire.  Hnrd- 
boiled-cgg  olbnniin,  cut  in  thin  pieces  with  Bharp  edgee,  is  not  perceptibly 
changed  by  dilute  acid  (*^-4  p.  m.  IICl)  at  the  temperature  of  the  body  in 
the  conne  of  stireral  liotira.  Bnt  the  simultancooB  preaeuce  of  |>ep«ia 
canses  the  ed^ft  to  become  clear  and  tmnsparont,  blnnt  and  ewolleUi  and 
the  albumin  gradnally  disBokea. 

From  what  ha«i  been  eaid  above  in  regard  to  pepsin,  it  follows  that 
proteids  may  Ite  employed  aaa  means  of  detecting  pepsin  in  liquids.  Fibrin 
may  be  employed  as  well  as  hanl-boiled-«gg  alliiimin,  which  latter  is  nsed  in 
the'  form  of  Blices  with  Eharp  edges.  As  the  fibrin  is  eaeily  digested  ut  the 
nornml  temperature,  wliite  the  pepfliii  test  with  egg-albnmin  requires  the 
temperature  of  the  body,  and  as  the  test  witli  fihrin  in  somewhat  more 
delicate,  it  ia  ofton  preferred  to  thtit  with  egg-albumiu.  H'hon  mb  speiik  of 
the  "  prpfin  trfi  "  without  further  explanation,  we  ordinarily  understand  it 
OS  t)ie  te^C  with  Hbrin. 

Tills  teet  iievt;rtlielees  requires  care.  The  iibrin  nsed  shonld  be  ox-fibrin 
and  not  pig-fibrin,  which  last  is  dissoked  too  readily  with  dilute  Bcid  alone. 
The  unboiled  fibrin  may  he  ditwnlved  by  acid  alone  willinnt  pepsin,  lint  this 
generally  re<|nires  more  time.  In  testing  with  unboiled  fibrin  at  normal 
temperutnre,  it  is  advisable  to  make  a  control  test  with  another  portion  of 
the  eame  fibrin  with  acid  ulone.  Since  at  the  temperature  of  the  body 
nnboiled  fibrin  is  more  easily  dissoWed  by  acid  alone,  it  ia  best  always  to 
work  with  boiled  fibrin. 

As  pepsin  has  not,  thug  far,  been  prepared  in  a  positively  pure  condition, 
it  is  impossible  to  determine  the  absohite  quantity  of  pej>sin  iu  a  liquid.  It 
ia  only  jtomible  to  compare  the  relulive  amounts  of  pepsin  in  two  or  more 
liquids,  which  may  be  done  in  several  ways.  As  tlie  best  of  these  we  give 
the  following  method  as  suggested  by  BKt'cKii. 

If  two  pepsin  •tnlutinns  A  nnd  It  arc  tn  bn  compareii  wllh  encli  other  relsilvcly  tn  the 
itnimDtsof  priwiiiilK-y  ooniMin.  iliey  miiiil  Aral  Im  lirouglii  totlic  propcnicgrtoof  ntlilliy, 
■biiiil  1  p.  in  HCI.  Cine  LtclriK  tJiktii  thai  ooe  fa  nut  mm«  dilnleil  Uian  Hit;  hHiit.  1ti>i'u 
pwpnre  n  ]nrte  luirtilier  nf  »(«'<' iiiifiifi  of  each  wibiticn  hy  dUuling  with  bydiochlorjc  add 
iif  1  t>.  m.  IIC'1,  so  tlwt  ili<.-y  contain  respectively  ),),(.  i'^.  I'f,  and  u>  ou,  (bu  ntuoiiDl  of 
ppeiu  itiilie  nrlgiiial  Dqiifil  tx'ing  1.  If  tlicorigiriul  i|iianiiLy  of  i>v))alii  iu  thu  two  llquiJs 
0e<igt>Ate4l  byp  and  p',  ire  tlien  linve  ilie  twosrrlc«of  liquids  : 
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Tli«u  A  smnD  piece  of  I]r>ilei1-egga1l)iiiulii,  oMniiicd  liynitling  lli[n  slict-swiih  a  cr 
cutler,  is  ]i1iicc'<l  III  eiwl)  le^t,  or  a  smiill  fluke  of  [jhrin  lindiUd.  Of  course  care  miui 
takvu  lo  Kitti  Ibv  saucstzocl  slice  of  vgg>»lbuiiiiii  or  Iliikc  of  fibrin.  Xow  uliacrve  and  noto 
einctly  (la-  limu  when  endi  l^sl  uf  iIil-  ino  sirits  bieiiis  to  digest  iiDii  when  il  cnd«.  hd'I 
1(  will  be  found  ibnl  cerlitiii  iwia  uf  one  «ems  iiitk«  »)»<>iii  the  Htme  prc>eresa  as  certain 
testa  of  Llio  utliei-  Buries.  It  may  Im  iufeired  from  llita  tliul  they  cuDlaiD  nbotu  Uie 
AAiric  quantity  nf  pe[^s!n.  .\-s  example,  il  is  found  in  one  wrun  of  t«*TH  tliHl  ibf  digestive 
rnpidily  of  the  lc8i«  pi^  p  iV>  ;>  i**  Ix  about  tliv  Enmu  as  lliv  \x»\sp'  \.  j^  i.  p'  i:  iliereforc 
we  cuticlude  tliai  tiie  Itqiitu  .4  is  ulwtii  intir  titiirs  hs  rlrli  Id  pi-p«iii  us  the  liquid  B. 

AooUifir  mcllim]  »■»  Hitggi*sttd  by  MeTI  '  cItm  moiv  cxuc:  rcaiilM  acnirdingtn  tbe 
iDvextigBUnufl  of  Samiulofk.  ]}tiiw  up  licinij  white  of  eg);  In  a  plif<4  tulx?  of  nboul  1  to 
'i  inm.  dinmet^r  aud  coagulnte  tbe  ulb^ituiu  in  tbe  ttibc  by  beating,  cut  Ibe  eud»  of  itiv 
tube  off  sbiurply,  luM  Iwk  tiibrii  lo  eu(!b  leM-lube  with  a  few  cc.  of  nclil  pvpsln  solution, 
allow  to  dig-fr^i  M  ibe  bodily  Ifmperature.  and  after  a  ccrtnln  time  meaflure  tbe  lineal 
eKteul  Iff  tlm  di^eflte<l  layer  of  albumin  in  tbe  varioilt  tests.  Tbe  <)uitalily  of  iiepeia  iu 
the  compnntiivu  it»iN  U  us  iUumiuhi'C  of  tbe  lalllliiieters  of  albumlu  columns  dissolved 
in  the  Hainc  lirnc.  Tbus  if  In  one  ciisc  U  nmi.  of  aibuoitu  was  dbaoived  and  Id  tlie  other 
S  uim.,  then  lht-(piuutily  of  [M-irsfn  is  as  4  : 9. 

Tli6  rapidity  of  the  ptpain  digestion  dependi  on  Beveral  circtimstancei. 
Thus  diferetit  acuta  jtre  i]ncr|aal  in  tbeir  action;  hjd roc li lone  acid  shows  io 
eliglit  foil  cent  ration,  0.8-I.S  p.  m.,  a  more  powerful  action  than  any  other, 
whctticr  iiiur^auic  or  orguuic.  Iti  greater  concentration  other  acids  ma/ 
have  a  powerful  Hctioii,  and  wq  can  say  that,  as  a  rale,  the  acids  having  tht 
grciitoet  aridity  hare  a  {greater  action  in  slight  concentration  than  weak 
acids.  Still  Hiilphiiric  acid  forms  an  exception  (I'FbBinp.REK).  The  state* 
mentii  itt  regard  to  tho  action  of  rarions  acids  are  somoivhat  contradictory.' 
The  dfijrep  of  tiriditt/  is  also  of  the  greatest  importance.  Witb  hydrocliloric 
aci(T  the  de^n^e  of  acidity  is  not  the  same  for  different  proteid  bodies.  For 
fibrin  it  is  0.8-1  p.  m.,  for  myosin,  casein,  and  ve;;etable  proteida  abont 
1  p.m.,  for  hard -boiled -egg  nlbiuiiin,  on  the  contrary,  about  2.5  p.  m.  The 
rapidity  of  the  digestion  iucrcases,  at  least  to  a  certain  point,  witii  the 
quantity  of  pepsin  present,  nnless  the  pepsin  added  is  contaminated  by  a 
large  quantity  of  product*  of  digestion,  which  may  present  its  action.  The 
accTimuhtioH  of  produr.t:f  of  digest  ion  has  a  retanling  action  on  digestion, 
altbongh,  according  to  Ciiittenuen  and  Amekman,'  the  removal  of  the 
digestion  products  by  means  of  dialysis  does  not  essentially  change  tbe 
relationship  between  tho  albciniosca  and  truo  peptones.  Pepsin  acts  slower 
at  low  temperatures  than  it  does  at  higher.  It  is  eren  acUre  in  tbe  neigh- 
borhood of  0^  C,  but  digestion  tabes  place  rery  slowly  at  ihia  temperatartt. 
With  increasing  temperature  the  rapiJity  of  tligestion  also  increases  nntil 
abont  40°  C,  when  the  maximum  U  reached.  According  to  tbe  investiga- 
tions of  FLAfM  *  it  is  probable  that  the  relationship  between  albamosee  and 
peptones  remains  the  same,  irre«pective  of  whether  the  digestion  took  place 
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'  In  PawJow.  I.  c,  p.  81. 

'See  WrtibLewski,  Zeit.M:hr.  f.  pbyslol.  Cliem..  Bd.  31.  aad  especially  PBeidorer. 
P9Clg«r's  Arch.,  Bd.  6fl,  which  also  f^res  refereDcea  to  other  works. 

*  Joum.  of  Physiol.,  Vol.  11. 

*  Zehaclir.  f.  Biologle.  Bd.  28. 
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at  a  low  or  high  Mmperatare  oa  ]oag  as  the  digeation  ia  continnoas  for  eonte 
time.  If  the  stcclUny  tip  of  the  proieid  is  prerenteJ,  as  by  the  addition  of 
neuLr&]  salte,  such  as  NaCl  in  salficient  amonnts,  or  by  the  addition  of  hile 
to  the  acid  liqaid,  digestion  can  be  prevented  to  a  greater  or  less  extent. 
Foreign  botltes  of  dilTereiit  kinds  produce  diiTerent  actions,  in  vbich 
naturally  the  variable  quaiiLilies  in  which  they  are  added  are  of  the  g^reate^** 
importance.  Salicylic  acid  and  carbolic  acid,  and  especially  sal])hates 
(PPLBIDERKR),  retard  digestion,  while  nrseniona  acid  promotes  it  (Chittex- 
DRN),  and  hydrocyunic  ocid  is  relatively  indifferent.  Alcohol  in  large 
quantiLies  (lOjt  and  above)  diattu-bs  the  digestion,  while  small  qaantltios  act 
indifferently.  Metallic  salts  in  very  small  rj^iiantities  may  iniJeed  goniotimea 
accelerate  digestion,  but  otherwise  they  tend  to  returd  it.  The  action  of 
■  metallic  salts  iu  different  cases  can  be  explained  in  different  ways,  btit  they 
often  seem  to  form  with  proteids  insolnblo  or  diHicultly  soluble  combinations. 
The  allcalolds  may  also  retard  the  pepsiu  digOBtion  (Cuittkmjkn  and 
Allsk').  a  Tery  large  number  of  observations  have  been  made  in  regard 
to  the  action  of  foreign  snbstances  on  artificial  pepain  digestion,  bnt  as  these 
observations  have  not  given  any  direct  result  iu  regard  to  tlie  uction  of  those 
same  sabetonces  on  natnral  digestion,  we  will  not  here  further  di&cnsa  ihcni. 
The  Products  of  the  Digestion  of  Proteidg  by  Means  of  J'rpsin  and  Arid. 
Id  the  digestion  of  nucleoproteids  or  nucleo-albnmins  un  insoiiiljle  residue 
of  nnclein  or  psetido-nnclein  always  remains.  With  experiments  on  casein 
Salkowski*  has  shown  that  the  paranuclein  first  split  off  may  be  dissolved 
by  prolonged  digestion.  Fibrin  also  yields  an  insolnble  residue,  which 
consists,  at  least  in  great  part,  of  nnclein,  derived  from  tho  form-elements 
enclosed  in  the  blood-clot.  This  reeidnc  which  romiuna  in  the  digestion  of 
certain  albnminona  Iwdiea  is  called  dt/sjiepione  by  ^Ici&snbk.  In  the 
digestion  of  protelds  substances  similar  to  acid  albuminates  parnpeptone 
(llF.rRSNER')  ariiiaHniffuifr  mid  antifilbumid  (Kuhxk)  inuy  also  be 
formed.  On  separating  these  bodies  the  filtered  liquid,  neutralized  at  boil- 
ing-point, contains  albnmoses  and  peptones  in  the  ordinary  senBO  as  chief 
oonstitneDts,  while  tho  so-called  true  peptone  of  KChxe  may  somctimra  be 
entirely  absent,  and  in  general  is  obtained  in  quantity  worth  mentioning 
only  after  a  more  continuous  and  intensive  digestion.  The  relstionehip 
between  the  albnmoses  and  ]>epiones  in  the  ordinary  sense  changes  rery 
moch  in  different  cases  and  in  the  digestion  of  varions  albaminons  bodies. 
For  instance,  a  larger  quantity  of  primary  albnmoses  is  obtained  from  fibrin 
than  from  hard-boiled>egg  albumin  or  from  the  protelds  of  meat,  and  the 

'  Sttidfes  from  the  Lab.  Pliyaiol.  Ch€m.  Yale  UolTerslty.  Vol.  1.  p.  76.  See  iilr» 
CliiUenileii  and  8U-w&rl,  idid..  Vol.  3.  p.  80. 

■I^Sagefs  Are))..  Bd.  S3. 

■  The  works  of  Metasner  on  pepslu  dlgraiJoa  are  found  la  Zctttchr.  f.  Hat  Med., 
Bdd.  7.  8.  10.  13.  aad  U. 
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different  proteids,  according  to  the  researches  of  Ktro/  yield  on  pepsin 
digestion  nneqnal  quantities  of  the  Tarions  digestive  prodacts.  In  the 
digestion  of  unboiled  fibrin  an  intermediate  prodnct  may  be  obtained  in  the 
earlier  stages  of  the  digestion — a  globulin  which  coagnlates  at  +  ^5°  C. 
(Hasbbboee  *).  For  information  in  regard  to  the  different  albnmoaes  and 
peptones  which  are  formed  in  pepsin  digestion,  the  reader  is  referred  to 
previous  pages  (34-38). 

Action  of  Pepsin  Hydrochloric  Acid  on  Other  Bodies.  The  gelatin- 
forming  substance  of  the  connective  tissue,  of  the  cartilage,  and  of  the  bones, 
from  which  last  the  acid  only  dissolres  the  inorganic  substances,  is  converted 
into  gelatin  by  digesting  with  gastric  juice.  The  gelatin  is  farther  changed 
so  that  it  loses  its  property  of  gelatinizing  and  is  converted  into  a  so-called 
gelatin  peptone  (see  page  56).  Tme  mtidn  (from  the  submaxillary)  is 
dissolred  by  the  gastric  juice  and  yields  a  substance  similar  to  peptone,  and 
a  redacing  substance  similar  to  that  obtained  by  boiling  with  a  mineral 
acid.  Elastin  is  dissolved  more  slowly  and  yields  the  ahove-menttoned 
substances  (page  54).  Keratin  and  the  epidermis  formation  are  insoluble. 
Nuclein  is  not  dissolved  and  the  cell-nuclei  are  therefore  ineoluble  in  gastric 
jtiice.  The  animal  cell-membrane  is,  as  a  rale,  more  easily  dissolved  the 
nearer  it  stands  to  elastin,  and  it  dissoWes  with  greater  difiicnity  the  more 
closely  it  is  related  to  keratin.  The  membrane  of  the  plant-cell  is  not  dis- 
soWed.  Oxyhwmoglobin  is  changed  into  htematin  and  acid  albuminate,  the 
latter  undergoing  further  digestion.  It  is  for  this  reason  that  blood  is 
changed  into  a  dark-brown  mass  in  the  stomach.  The  gastric  juice  does 
not  act  on  fat^  but,  on  the  contrary,  on  fatty  tissue,  dissolring  the  cell- 
membrane,  setting  the  fat  free.  Gastric  jnice  has  no  action  on  starch  or 
the  simple  varieties  of  sngar.  The  statements  in  regard  to  the  ability  of 
gastric  juice  to  invert  cane-sugar  are  very  contradictory.  At  least,  this 
action  of  the  gastric  juice  is  not  constant,  and,  if  it  is  present  at  all,  it  is 
probably  due  to  the  action  of  the  acid. 

Pepsin  alone,  as  above  stated,  has  no  action  on  proteids,  and  an  acid  of 
the  intensity  of  the  gastric  jnice  can  only  very  slowly,  if  at  all,  dissolve 
coagulated  albumin  at  the  temperature  of  the  body.  Pepsin  and  acid 
together  not  only  act  more  qaickly,  bat  qualitatively  they  act  otherwiBe 
than  the  acid  alone.  If  liqnid  proteid  ia  digested  with  hydrochloric  acid  of 
2  p.  ni.,  it  is  converted  into  acid  albaminates;  but  if  pepsin  is  previoasly 
added  to  the  acid,  the  formation  of  syntonin  occurs  much  more  slowly 
under  the  same  conditions  (Meissner).  From  this  it  ia  inferred  that  s 
part  of  the  hydrochloric  acid  is  combined  with  the  pepsin,  and  we  have  here 
a  proof  of  the  existence  of  a  paired  acid,  called  by  C.  Schmidt  p^n 
hydrochloric  acid. 

'  Paoger's  Arch.,  Bd.  65. 

»  Zeilschr.  f.  pliysiol.  Cbcm.,  Bd.  U. 
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It  lias  be«ii  fuTttacrauggcitcd  that  tlits  bypoibeticil  acid  li  poulbly  doromposed  fn 
digutiim  iato  Tree  pei)ftin  nud  free  bydiocliloric  ndd,  wliicli  Is  atatu  wueetuti aiwAin 
nroictda  to  k  cerlain  drcree  The  [wnfo  set  free  rciinlleH  with  a  oew  [)ortlot]  of  acid, 
furmiug  pi'iiiMJii  hydrocbTorfc  acid,  aiMi  Id  ooDtact  Kith  pmleldi  U  (urther  decompoKd  as 
aboTC   d«siTibcd.     It  ta  hardly  Doccaaary  tu  meuUon   that   tfata  siatement  Li  ouly  bu 

Reonin  or  cii  TMOstK  ia  tlie  seoontl  enzjme  of  the  gastric  juice.  It  occara 
in  tlie  gastric  juice  of  niAn  cnder  physiological  conditions,  but  may  be  aheeut 
under  special  pathological  conditiouB,  such  as  carctuonia,  atrophy  of  the 
Tnncous  moinbraue,  and  certain  chronic  catarrhs  (Boas,  Johnson,  Ku:]|- 
pkrer').  It  is  habitnally  foniid  in  the  neutral,  watery  infngion  of  the 
fourth  stomach  of  t)ie  calf  and  ulieep,  esitecially  iu  on  infasiou  of  the  fiindug 
parL  In  other  maromals  and  in  birds  it  is  seldom  found,  and  in  fishes 
hardly  erer  in  the  nentral  infusion.  In  these  cases,  as  iu  man  and  the 
iiigher  animals,  a  rennin-forming  substance,  a  tritnirt  ztpnogen^  occurs  which 
is  converted  into  rennin  by  the  action  of  an  acid.  Kennin  or  rennin-like 
enxymea  occur  also  rather  extensively  in  the  plant  kfngdoni.  Certain 
micro-organ ifluis  ulao  act  like  chyuiosiu.  rarttrhjfmoxin  ia  the  name  given 
by  Bang*  to  an  enzyme  differing  iu  many  respects  from  the  ordinary 
rennet  ferment,  lie  itrst  found  it  in  commercial  pepsin  p re i>a rations,  then 
in  pigs,  and  finally  also  in  human  stomachs,  wlicre  he  claims  ordinary 
rennin  does  not  exist,  but  only  paracliymosin. 

Kennin  is  just  as  difllcnlt  to  ]irepare  iu  a  pure  state  as  the  otiier  euzynies. 
The  purest  rennin  enzyme  thus  far  obtained  did  not  gire  tlio  ordinary  pro- 
teid  reactions.  On  healing  its  solution  to  60-70°  C.  for  about  10  minutes 
it  is  more  or  less  quickly  destroyed,  dejieuding  ujmn  duration  of  heatiugund 
concentration.  If  an  active  and  strong  infusion  of  u  mucous  coat  in  water 
containing  3  p.  m.  tlCI  is  heated  to  37-40"  C.  for  46  hours,  the  rennin  is 
destroyed,  while  the  pe])Bin  remains.  A  pepsin  solution  free  from  rennin 
can  bo  obtained  in  thie  way.  Heunin  is  characterized  by  its  physiological 
action,  which  consists  in  coagulating  milk  or  a  casein  solntion  containing 
lime,  if  nentral  or  very  faintly  alkaline. 

Rennin  may  be  carried  down  hy  other  precipitates  like  other  enzymes, 
and  thus  may  bo  obtained  rehitirely  pure.  It  may  also  be  obtained,  con- 
tamiuated  with  a  great  deal  of  proteids,  by  extracting  the  mucous  coat  ot 
Che  stomach  with  glycerin. 

A  comparatively  pure  solution  of  rennin  mav  be  obtained  in  the  follow- 
ing way.  An  infusion  of  the  mucous  coat  of  the  stomach  in  hydrooblorio 
acid  is  prepared  and  then  neiitndt^.ed,  after  which  it  is  ropeatedlv  shaken 
with  new  quantities  of  magnesium  carbonate  until  the  pepsin  is  precipitated, 

'  A  s*<oA  review  of  ibe  lliersiurc  may  be  found  In  SzydlowHki,  QcirmK  zur  RenniiilRP 
dc«  Lalieiitym  nncL  Itt-oltciclitiiii^iii  nn  SRu^'llngi-n,  Jiilirlj.  f.  KitiilprhHIkiitide.  N.  P.. 
Btl.  34.  See  nlw  LOrchcr.  PttQgtr't  Arcli..  Bd.  46.  wbtcb  also  coalaiua  Uw  pvrtlaflat 
Utemiiire. 

*  Deutacb.  iii«d.  Wocbeuschr-.  1609.  No.  8, 
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The  filtrate,  which  abonld  act  strongly  on  milk,  ia  precipitated  bj  baiic 
lead  Ac«tate,  the  preeipital«  decomposed  with  vcr}*  dilute  salphnnc  acid, 
the  acid  Uqoid  filtered  aud  treated  with  a  solution  of  stearin  soap.  The 
rennin  ia  carried  down  by  the  fattv  aclda  aet  free,  and  when  these  last  ore 
placed  in  water  and  remoTeU  by  »liHktng  with  ether,  the  reanio  remuiDs  in 
the  water}'  solutioa. 

The  qiiestiou  whether  the  purialuL  cells  priucipalty  or  theee  with  the 
chief  cells  take  {Mirt  iu  tlie  foriiiaLloii  uf  froe  acid  is  somewhat  disputed.' 
There  cau  he  no  doubt  that  tlie  hydi-ochlorio  acid  of  the  gastric  jaioe 
originates  from  the  chlorides  of  the  blood  becanse,  as  is  well  known,  a  secre- 
tion of  perfectly  typical  gaecric  jaico  titkes  pkce  in  the  etomachs  of  iastiog 
or  starving  animals.  As  the  chlorides  of  the  blood  are  derived  from  the 
food,  it  is  easily  nuderetood,  as  shown  by  Cahx,*  that  in  do;;^  after  a 
sufficiently  long  common-ialt  stRrrntiori  tlie  stomach  secreted  a  gastric  jnice 
containing  pepsin,  hnt  no  free  hydrocbloria  acid.  On  the  adininiBtrstioo 
of  eoluble  chlorides  a  gastric  juice  containing  hydrochloric  acid  was  im- 
mediately secreted.  On  the  )titro<tuctioti  of  alkali  iodides  or  bronudee, 
K0LZ,  Nencki  tind  8cnoiT»ow-SiMANOvv.sKi '  have  shown  that  the  hydro- 
chloric acid  of  tlie  gastric  jnice  la  replaced  by  HBr,  and  to  a  less  extent  by 
III.  We  do  not  know  how  tlie  aecretion  of  free  hydrochloric  acid  origi- 
nates. Wiiereas  it  used  to  be  considered  that  the  chlorides  were  dccompoBed 
by  an  elcctrolysiB  or  by  organic  acids  produced  in  the  inuoosa,  we  now  ralber 
generally  accept  the  process  aa  anggeated  by  Malv. 

Maly  has  called  attention  to  the  fact  that,  on  account  of  the  presence 
of  a  large  qnantity  of  free  carl  ton  dioxide  in  the  blood  and  the  at  idity  of  tlie 
same,  there  must  be  present  among  the  nnmerons  oombinatione  of  acids 
and  bases  wliich  exist  in  the  scrum  traces  of  free  hydrochloric  acid  ia 
addition  to  acid  salts.  As  these  traces  of  hydrochloric  acid  are  removed 
from  the  blood  by  means  of  rapid  difTuHion  by  the  glundB,  the  nmsG-action 
of  the  carbon  dioxide  must  sot  free  new  traces  of  hydrochloric  acid  in  the 
blood.  In  this  way  may  be  explained  the  secretion  in  the  blood  of  large 
quantities  of  hydrochloric  acid  from  the  chlorides,  but  the  proof  that  the 
hydrochloric  acid  set  free  passes  into  the  gastric  jnice  simply  by  diffnaion 
is  missing.  Similar  processes  in  other  animal  glands  render  it  prol>able  that 
h»re,  as  in  otber  cases  of  secrotion,  we  have  t«  deal  with  a  yet  nuexplained 
specific  secretory  action  of  the  glandular  cells.     As  ScaiERBECK*  has  shown 

'  St'C  H(-iiIi'nhuiii,  PnQgei'a  Arcb.,  Uilil.  18  auil  IB,  tuiA  llerniano's  ilaudbiich,  Bfl- 
5.  Till.  1.  "  AijfcODderungSTorgfiage*';  Klemenslewki,  Wien.  Simungsber. ,  Bd.  TI : 
Frftiikcl,  PtlD>^r'8  Arcli..  Bdd.  48  sdiI  00 ;  Contejean,  1.  c,  Chapter  3,  which  ooolaliu 
hli  Uie  older  literature. 

»  Zeitwhr.  f  phyaiol.  Cliem.,  Btl.  10. 

'  KllU.Zeit.Kchr.  f.  Riologie,  IM.  23  ;  Kencki  &nrl  tichoumow.  Arch,  des  sdeooca  bkil. 
d«  St.  P6t«rsbouTg.  Tome  8. 

*Mnly,  Zcludir.  f.  phjskil.  Cheuu.Ba.  I .  Bchierbeck,  Skaod.  Arch.  f.  PhjtioL, 
Uad.  8  and  6. 
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that  Isrge  qoantitiea  of  carbon  dioziile  are  fornieil  in  the  mncons  membrane 
doriDg  gecretion,  it  can  be  atlmittod  that  thi^  carbon  dioxide,  by  its  avidity, 
aata  free  bydroclilorlc  acid  within  tlie  glandnl&r  cells  from  the  chloridee  of 
the  food.     Tbie  faydrocbloric  acid  ymaaea  then  into  the  secretion. 

L.  LlBBERMAXX'  hm  lately  iiroposed  n.  aevt  thcoiy  for  liiu  Rccrelion  of  hycirortiloric 
acid.  AcoordiDje  la  bim  iLcUiiitlbtiTiiiBi  oenirt  in  llie  ^IniidiilHr  ct'tls,  ftnd  ibtn  onubiiit-s 
readily  with  iilkalin.  Tin-  more  Bctlve  mctitbollsm  k  the  glaods  during  work  U-uU  to 
an  aliiindBiit  fnnnatinn  of  car)>oii  dioxlile,  and  Ihh  nirbon  dloxldu  by  Its  uinm^ction  wU 
bylrocblorlc  flcid  free  from  Ihc  chlorides.  The  hydrochloric  acid  passes  Itito  the  secre- 
lion  Ijy  (lilTiisioii.  while  the  alkallu  comlMDe  with  Ihe  leciihHlbunilii.  lu  rvj^srd  lo 
details  of  ihU  theory  we  must  rcferlbe  reader  to  the  orfgitiul  artii-lv. 

After  a  fall  meal,  when  the  store  of  pepsin  in  the  stomach  is  com- 
pletely exhansted,  Sceiff  claims  that  certain  bodies,  especially  dextrin, 
have  the  property  of  causing  a  eapply  of  pepflin  in  the  mncous  niembmne. 
This  ''charge  theory,'*  though  experimentally  proved  by  several  investi- 
gators, has  nevertheless  not  yet  been  confirmed.  On  the  contrary,  the 
etatement  of  Schipp  Uiat  a  substance  forniing  pepsin,  a  ** pepsinogen  "  or 
'^propejifin,^*  occurs  in  the  ventricle  has  been  proved.  IjANCLFT'  baa 
shown  positively  the  existence  of  snob  a  substance  in  the  mucoas  coat. 
This  Bobstance,  propepsin,  shows  a  comparatively  strong  resistance  to  dilate 
alkalies  (asodasolctionof  a  p.  m.),  which  easily  destroy  pepsin  (LAXiiLKY). 
Pepsin,  on  the  other  hand,  withstands  better  than  propepsin  the  action  of 
carbon  dioxide,  which  quickly  destroys  the  latter.  The  occarrence  of  a 
renuin  zymogen  in  the  mucous  coat  bus  been  mentioned  »bove.' 

The  question  in  which  cells  the  two  zymogens,  especially  the  propepsin, 
are  produced  has  been  extensively  disctissed  for  several  years,  formerly  it 
was  the  general  opitiiun  tlutl  llie  parietal  cells  were  pepsin  cells,  but  since 
the  investigations  of  IIkidf.nhaix  and  his  pupils,  Laxolet  and  others, 
the  fonnation  of  pepsin  hiut  been  shifted  to  the  chief  cells.  Objections 
have  been  fr(«icnted  by  several  investigators  to  the  views  of  IlKit>ENUAi>f 
tlial  certain  cells  ]»rodtico  the  zytnogene,  and  others  only  the  acid.' 

The  Pyloric  Secretion.  That  part  of  the  pyloric  end  of  the  dog's 
stomach  which  contains  no  fundus  glands  wtis  dissected  by  Kleuenbikwicz, 
one  end  being  sewed  together  in  the  nlmpe  of  a  blind  sack  and  the  other 
sewed  into  the  stomacli.  From  the  i^f^tula  thus  crenT-ed  he  was  able  to  obtain 
the  pyloric  secretion  of  a  living  aniniul.  Tliis  secretion  is  alkaline,  viscons, 
jelly-like,  rich  in  mucin,  of  a  specific  gravity  of  1.00^-1.010,  and  contain- 
ing lB.i-20.5  p.  m.  solids.  It  has  no  effect  on  fat,  but  acts,  though  very 
slowly,  on  starch,  converting  it  into  stigar,  and  contains  ordinarily  pepsin, 


)  PflOger'i  Arch.,  B<1.  50. 

■  Bclitff.   "Lec»ns  siir  In  pbyBiol.  de  In  digcBtion,"  IBAT,  Tome  2;   Langley  and 
EdltiDs.  Joum.  «f  Phytiol.  Vol.  7. 

•  Bw  foM  imic  1,  pnif  2117. 

•  6eo  fuot-oota  4.  page  2i^. 
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wbicb  eometttnes  occara  iu  coosidcrable  amonnts.  ThU  has  been  obaerred 
by  Heidenhais  iu  permanent  pyloric  tisttila.  Contejeak  lias  inresb- 
gated  the  pyloric  secretion  in  other  ways,  and  Sods  that  it  contains  both 
flcid  and  pepsin.  The  alkaline  reaction  of  the  secretions  iarestigated  by 
llEinRNnAis  and  Klemevbikwicz  is  due,  acoonling  to  Contejban,  to  an 
abnormal  secretion  caiisml  by  clie  Ojieratton,  because  the  stomach  readily 
yields  an  alkaline  juice  instead  of  an  acid  one  nnder  abnormal  conditions. 
Akkhman  has  found,  in  accordance  with  IIeipexuain  and  Klemex- 
smwii.Zj  that  the  pvlorio  aecretion  of  a  dog  was  alkaline.  Vkrhaeoen' 
hiLs  obserred  in  human  beings  towards  the  end  of  the  Teniricle  digestion 
!L  tltiiil  not  acid  which,  acconliug  to  liim,  originates  in  the  pyloric  region. 

The  secretion  of  gastric  juice  umler  diiTerent  conditions  may  rary  con- 
siderably. The  statements  of  the  (piantity  of  giistric  jnice  secreted  in  a 
certain  time  are  therefore  m  unreliable  that  tliey  need  not  be  taken  into 
account. 

The  Chyme  and  the  Digestion  in  the  Stomach.  Ity  means  of  the  ohemi* 
cal  irritation  ca-used  by  tlie  food,  a  copions  secretion  of  gastric  juice 
occurs.  Tlie  food  is  there  by  freely  inixed  witli  liquid  and  is  gradually 
uonverted  into  n  pulpy  mass,  called  the  cliyine.  This  mass  is  acid  in 
reaction,  and,  with  the  exception  of  the  interior  of  large  pieces  of  meat  or 
other  solid  foods,  the  chyme  is  acid  throughout.  The  transformation 
products  of  the  digestion  of  proteiJs  and  oarbohydrates  can  he  detected  in 
the  chyme;  likewise  more  or  less  changed  undigested  residnes  of  swallowed 
food,  which  indeed  form  the  chief  muss  o(  the  ciiyme. 

In  the  chyme  mornels  of  ukat  more  or  lens  changed  are  found  which, 
when  unboiled  meat  is  partaken  of,  may  be  mnch  swollen  and  slippery. 
Mt'SCLE  and  cabtilaub  are  also  often  swollen  and  slippery,  while  pieces  of 
BONG  soiiictiines  sliow  a  rough  and  nnercn  siirfiice  after  the  digestion  has 
continued  for  some  time,  which  depends  upon  the  fact  that  the  gelatinous 
snbstances  of  the  bone  are  attacked  more  quickly  by  the  gastric  juice  than 
the  earthy  ]>art8.  Milk  coagulates  in  the  stomach  by  the  combined  action 
of  the  rerniin  and  the  acid,  but  in  certain  cases  by  the  action  of  the  acid 
alone.  From  the  relative  quantities  of  the  swallowed  milk  to  the  other 
food  either  large  and  solid  lumps  of  clieese  are  formed  or  smaller  lumpti  or 
grains  which  are  di%'ided  in  the  i>iilpy  maHS.  Cow's  rnilk  regularly  yields 
laige,  solid  masses  or  lumps;  human  milk  gires,  on  the  contrary,  a  fino, 
looee  coagnlnm  or  a  tine  precipitate  which  is  immediately  dissolved  In  part 
by  the  acid  liquid. 

ItKRAi),  ei^pecially  when  not  too  fresh,  is  converted  rather  easily  into  a 
palpy  mass  in  the  stomach.     Other  regetable  foods,  such  as  potatoes. 


'  HeUlcnbsin  aii<]   RIcirK^nsIewdrr,,  1.  c;   Conlpjenn,  1.  c,  Chspicr  2,  nod  Sksod. 
Arch.  r.  Pli.VNfol.,  Bd-  6  ;  .Vkt-nnan.  ibid,.  Bd.  5;  Verbaef^n.  1.  c 
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majf  if  not  inflicienclj  masticated,  often  be  foond  in  the  contents  of  the 
stomach,  Terr  little  changed,  several  lioiira  after  a  meal. 

Starch  is  not  converted  into  sugar  bv  the  gastric  juice,  but  in  the  finit 
phases  of  the  digestion,  before  a  large  qnantitj  of  hydrochloric  acid  baa 
aecnmulated,  it  seems  that  the  action  of  the  saliva  continues,  and  therefore 
the  presence  of  dextrin  and  sugar  can  he  detecte<l  in  the  contents  of  the 
Etomoch.  Besides  this  the  carbohydrates  in  the  stomach  may  in  part 
undergo  a  lactic-acid  fermentation,  caused  by  the  micro-organisms  preitent. 

The  FATS  wliich  are  not  liuid  at  the  ordinary  temjieraturc  melt  in  the 
stomach  at  Uie  temperature  of  the  body  and  become  fluid.  Iti  the  same 
Tay  the  fat  of  the  fatty  tissncs  is  set  free  in  the  stomach  by  the  garttric  jnice 
which  digests  the  cell-membrane.  The  gastric  juice  itself  seems  to  hare  no 
action  on  fats.*  The  sotnble  salts  of  the  food  naturally  are  found  dtsfwlved 
In  tbo  liquids  of  the  contents  of  the  stomach;  but  the  insolnble  salts  may 
also  be  dissolved  by  the  ticiil  of  the  gastric  juice. 

Since  the  hydrochloric  acid  of  the  gastric  jnice  preventd  the  contents  ocf 
the  stomach  from  fermeutlnf^  nrith  the  j;eneration  of  gas,  iho^  tfases  which 
occur  in  the  stomach  probably  depend,  at  least  in  great  measure,  upon  the 
swallowed  air  and  saliva,  and  upon  those  gases  generated  in  the  iulestine 
and  returned  through  the  pyloric  valve.  I'i-aner  found  in  the  stomach- 
gases  of  a  dog  GG-G8;<  N,  25-33^  CO.,  and  only  a  small  quantity,  O.S-O.li^, 
of  oxygen.  Scoiebbeck'  has  showu  that  a  jiart  of  tlie  carbon  dioxide  it 
formed  by  tite  mucous  membrane  of  the  stomacli.  The  tension  of  the 
carbon  dioxide  in  the  stomach  corresponds,  according  to  him,  to  30-40  mm. 
Ug  in  the  fasting  condition.  It  increases  after  partaking  food,  inde}»end- 
ently  of  the  kind  of  food,  and  may  rise  to  llir^HO  mm.  llg  during  diges- 
don.  Tlie  carve  of  the  carbon-dioxide  teusioa  iu  the  stomach  is  the  same 
as  the  cun'e  of  acidity  in  the  different  phases  of  iligestion,  and  St'iiiKBBECS 
has  also  found  that  the  carbon-dixoide  tension  is  oonsiderably  increased  by 
pilocarpine  but  diminished  by  nicotin.  According  to  him,  the  carbon 
dioxide  of  the  stomach  is  a  product  of  the  activity  of  the  secretory  cells. 

According  as  the  food  is  finely  or  coarsely  divided  it  passes  sooner  or 
later  through  the  pylorus  into  the  intestine.  From  lirscn's  oljservutiona 
on  a  human  intestinal  I'stula,  it  required  generally  15-30  minutes  aftar 
eating  for  undigested  foor]  to  pass  into  the  up[)er  part  of  the  smuU  intes- 
tine. In  a  case  of  duodenal  fistula  in  a  huntan  being  observed  by  KCiine, 
he  saw,  ten  minutes  after  eating,  nncunlled  but  still  coagulable  milk  and 
■mall  pieces  of  meat  pass  out  of  the  listiila.  The  time  in  which  the  stomach 
unbnrdens  iteolt  of  its  contents  depends,  however,  upon  the  rapidity  with 


'  Bee  Coolejeao,  "  Sur  In  dlgntlon  gnHriqiic  ilc  U  gralMte,"  Arcb.  de  Pbyiiol.  (S), 
TomeO. 

*  Plaorr.  WIen.  Btlziiiigaber.,  Bd.  43  ;  ScliicrU'ck,  I.  c 
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vbich  the  qoantitT  of  hydrochloric  acid  iDcreases,  for  it  seems  to  act  as  s 
sort  of  irritant  aad  canscs  the  ofwuing  of  the  pyloroa.  3Iany  other  condi- 
tioiiB  also  come  into  j>ia7,  namely,  the  aotivitj  of  the  gutric  juice,  the 
qoftntity  and  character  of  the  food,  etc.,  etc.,  and  therefore  the  time 
required  to  empty  the  Rtonuich  imiHt  be  variahle.  Richet  obserred  in  a 
case  of  stomachic  Qgtiila  that  in  man  the  quantity  of  food  which  is  in  the 
stomach  the  first  three  hours  ia  not  eesentialty  changed,  bnt  that  in  the 
coarse  of  a  quarter  of  an  honr  nearly  nil  is  driven  out,  so  that  only  a  small 
reaiiiue  remaiufi.  KDhsb  lias  made  about  the  same  ohsorvationa  on  dogs 
and  human  beinge.  He  fonnd,  indeed,  in  dogs  that  in  the  first  hour  small 
qnantities  of  meat  pa88e<l  into  the  intestine  every  tea  niinutes;  but  he  also 
observed  that  in  dugH,  on  an  arera^'e,  uhoiit  five  hours  after  eating,  in  man 
somewhat  etirlieft  a  free  emptying  into  the  iiitasttne  takes  place.  Accord- 
ing to  other  iuvestigutors,  the  emptying  of  the  human  stomach  does  not 
take  place  suddenly,  bnt  gradnally.  Heaumont'  fonnd  in  his  extensire 
obserTations  on  the  Canadian  hunter,  St.  Mastix,  that  the  stomach,  as  a 
rule,  is  emptied  1  j-S4  hours  after  a  meal,  depending  npon  the  obaracter  of 
the  food. 

The  time  in  which  dilTereiit  foods  leave  the  stomach  depends  also  upon 
their  digestibility.  In  regard  to  the  unequal  digestibility  in  tlie  stomach 
of  foods  rich  in  proteids,  which  really  form  the  object  of  the  action  of  tlio 
gastric  juice,  a  distinction  must  be  made  between  the  rapidity  with  which 
the  proteids  are  converted  into  albunioses  and  peptones  and  the  rapidity 
with  which  the  food  is  conrerted  into  chyme,  or  at  least  so  prejmrod  that  it 
may  easily  pass  into  the  intestine.  This  distinctioD  is  especially  important 
from  a  practical  standpoint  When  a  proper  food  is  to  be  decitial  npon  in 
oases  of  diminished  stomachic  <ligestion,  it  is  important  to  select  snoh  foods 
as^  independent  of  ttie  iHtltculty  or  oa.so  with  which  their  proteid  ia  pepton- 
izetl,  leave  the  stomach  easily  and  fpiiclfly,  and  which  require  as  little  action 
as  possible  on  the  part  of  this  organ.  From  this  point  of  view  those  foods, 
as  D  rule,  are  most  digestible  which  are  duid  from  the  start  or  may  l>«  easiU 
liquefied  in  the  stomach;  but  these  foods  are  not  always  tlie  most  digestible 
in  the  sense  that  their  proteid  is  most  easily  peptonized.  As  an  example, 
hard-boiled  white  of  egg  is  more  easily  peptoaiiDd  than  fluid  white  of  egg 
at  a  degree  of  acidity  of  1-2  p.  ni.  IICI;'  nevertheless  we  consider,  and 
justly,  that  an  nnho{le«l  or  soft -hoi  ted  egg  is  easier  to  digest  than  a  hard- 
boiled  one.  Likewise  uncooked  meat,  when  it  is  not  chopped  very  fine,  is 
not  more  quickly  but  more  slowly  peptonized  by  the  gastric  juice  than  the 
cooked,  bnt  if  it  is  divided  snflicioutly  fine  it  is  ofteu  more  qnickly  pepton- 
ized than  the  cooked. 

■  BtiKh.  Vlrcbfiw's  Arch..  Bd.  H;  KQliiic-.  Lclirb.  d.  pliyalol.  Chem..  S.  SS^KIehct. 
1.  c;  BenumoDt,  1.  c. 

*  WawriDBky,  Msly's  Jkbrt-sbitr.,  Bel.  8. 
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Ths  greater  or  lesi  facility  with  which  tlie  different  alhttminDas  foods 
are  peptouized  bj  the  gastric  juice  hiia  beou  comparatirel}'  little  studied. 
Mid  as  tlia  conditions  in  the  stomach  arc  more  complicated,  rssotts  oUtjiiaed 
with  artificial  gastric  jaice  are  often  of  no  TaUie  for  the  practising  physician 
and  should  in  any  case  be  iised  only  with  the  grentest  caution,  Umier  these 
ci  roam  stances  we  cannot  enter  more  <Iee]>ly  into  tiiis  subject,  but  tho  reader 
is  referred  to  text-books  on  dietetics  and  the  stady  of  foods. 

As  our  knowledge  of  the  digestibility  of  tho  different  foods  in  the 
stomach  is  slight  and  dnhions,  go  also  oor  knowledge  of  the  action  of  other 
bodies,  sacb  as  alcoholic  drinks,  bitter  principles,  spices,  etc.,  on  the  natural 
digestion  is  very  uncertain  ami  imperfect.  'I'he  diflicnlties  whicli  stand  in 
the  way  of  this  kind  of  intestigation  are  rery  great,  and  therefore  the  resnlts 
obtained  thos  far  are  often  ambignons  or  conflict  with  each  other.  For 
example*  certain  intestigators  have  observed  that  small  quantities  of  alcohol 
or  alcoholic  drinks  do  not  present  but  rather  facilitate  digestion;  others 
obserre  only  a  distorhing  action;  wliile  other  iurestigators  helieve  to  have 
found  that  tlie  alcohol  tirst  acts  somewhat  as  a  disturbing  agent,  bnt  after- 
wards, when  it  is  absorWd,  it  prodnces  an  abundant  secretion  of  gastric 
jnice,  and  thereby  facilitates  digestion  (Gixzinski,  Chittendex'). 

The  digestion  of  snndry  foods  is  not  dependent  on  one  orgim  alone,  bat 
divided  among  sevorai.  For  this  reasuii  it  is  to  bo  expected  that  the  various 
digestive  organs  can  act  for  one  another  to  a  certain  point,  and  tlmt  there- 
fore the  work  of  the  stomach  conld  he  taken  np  more  or  lens  by  the 
intestine.  This  in  fact  is  the  cose.  Thus  the  stomach  of  a  dog  has  been 
almost  completely  extirpated  (Czeknt,  C'abvallo,  and  Fanchok),  and 
also  that  part  necessnr)-  In  the  digestire  process  has  been  eliminated  hy 
plugging  the  pyloric  ojKuiug  (LuDnin  and  (Joata),  and  in  both  cusee  it 
was  jxwsihle  to  keeji  the  animal  alive,  well  fed,  and  strong.  This  is  also 
true  for  human  beings.'  In  these  cases  it  is  evident  that  the  digestive  work 
of  the  stomach  u-iis  taken  up  by  the  intestine;  but  all  food  cannot  be  digested 
in  tliesB  cases  to  the  same  extent,  and  connective  tissue  of  meat  in  especial 
is  sometimes  found  to  a  considerable  extent  undigested  in  the  excrements. 

A  cal  wliiwe  siDiitiirh  Carvalmi  nnil  PATicitON  liiul  cxllrimlecl  cnlinOy  Ilv&l  only  six 
lUOUlliK,  I'UI  itilH  WM  CBtistyl  Uv  \\s  iiot  wniiltiig  to  tokc  food.  Ttipsc  Inveiitlgfltors  Hod  It 
prulNibiL*  tlint  tlie  Btonittcli  U  uec«»«Dry  fui  Ibe  »eiiMiliou  uf  tlie  waul  of  fooO. 

In  order  to  judge  of  the  riJle  of  tho  stomach  in  digestion  the  amount  of 
the  digestion  products  in  tho  stomach  has  been  determined.     These  deter- 

'  Ohirloshl,  Deuttcb.  Arcli.  f.  kllr.  Med..  Bd.  »9 ;  CliUt«uclen.  CcntmlW,  f.  d.  med. 
WiafPDscli.,  1680;  and  Cblttuntk-D  aud  Mt'tiilel.  anil  utliere,  Aincr,  Joiiru.  uf  Physiol., 
Vol.  1. 

'  Czemy,  ritsd  from  fiuiig«,  I^lirbucli  rl.  pbysio].  u.  Patb.  Cbem.,  8.  Autt.;  Canrnllo 
and  PsBcbon.  Areb.  d.  Phyilol.  (fl>.  Tonic  7;  Ogaln,  Da  BofB-Ucymond's  Arch.,  1888. 
In  rngmnl  to  a  bunuui  cue  st-e  Scblallcr  in  Wr^blenski.  Cenlinllil.  T.  Pliytlnl.,  Bd  11, 
8.  «8«. 
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miDfttioiiB,  part  on  man  and  pnrt  on  atiimiLlB,  bare  led,  as  ib  to  be  expected, 
to  varying  reaalte  (Cahk,  KUENBEBCtsu  and  Uofx£Ist£K,  Cbittenuen 
and  Amehman  '). 

It  is*  however,  qnite  generally  assumod  that  no  peptonization  of  the 
proteids  vorth  mentioning  occnrs  in  the  etoinacb,  and  that  the  albaminona 
foods  are  only  prepared  in  tbeBtoraach  for  the  real  digestive  proceflees  in  the 
inteHtiTie.  That  the  stomacli  serves  in  the  first  place  as  a  storeroom  follows 
from  its  sliape,  and  thi»  function  is  of  special  value  in  certain  new-born 
animnls,  for  instance  in  dogs  aD<l  cat«.  In  tlieae  animals  the  secretion  of 
the  stomach  contains  only  hydrochloric  acid  but  no  pepsin,  and  the  casein 
of  the  milk  is  converted  by  the  acid  alone  into  solid  lumps  or  a  solid 
coagnluni  which  filU  the  stomach.  8tnaU  portions  of  this  coagnlnm  pan 
into  the  intestine  only  little  by  little,  and  an  overburdening  of  the  jntetitine 
U  thus  jirerentod.  In  other  animals,  sncb  as  the  snake  and  certain  fishes, 
which  swallow  their  food  entire,  it  is  certain  that  the  major  part  of  the 
process  of  digestion  takes  plaoe  tn  the  stoniach.  The  importance  of  the 
stomach  in  digestion  cannot  at  once  he  decided.  It  varies  for  difTerent 
animals,  and  it  may  vary  in  tlie  same  animal,  depending  npon  the  division 
of  the  food,  the  rapidity  witli  which  the  peptont^^utlou  takes  place,  the  more 
or  less  rapid  increase  in  the  amount  of  hydrochloric  acid,  and  so  on. 

It  is  a  well-known  fact  tliat  the  contents  of  the  stomach  may  be  kept 
witboat  decomposing  for  some  time  by  means  of  hydrochloric  acid,  while, 
on  the  contrary,  when  the  acid  is  neutralized  a  fermentation  commences  hv 
which  lactic  acid  and  other  organic  acids  are  formed.  According  to  Codk 
an  amonnt  of  hydrochloric  acid  more  than  0.7  p.  m.  complecely  arrests 
lactic  acid  fernientaUon,  even  under  otherwise  favorable  circumstances,  and 
according  to  STBAtrss  and  BtAix>corR*  the  limit  of  lactic  acid  fermentation 
lies  aC  1.''!  p.  m.  hydrochloric  acid  united  to  organic  bodies.  The  hydro* 
chloric  acid  of  the  gastric  juice  has  unqnestionably  an  anti-fermentive 
action,  and  also,  like  dilute  mineral  acids,  an  antiseptic  action.*  This 
action  is  of  importance,  aa  many  disease  micro-organisms  may  be  destroyed 
by  the  gastric  juice.  The  common  bacillus  of  cholera,  certain  streptococci, 
etc.,  are  killed  by  the  gaetric  juice,  while  others,  especially  as  spores,  are 
nnacted  upon.*    The  fact  that  gastric  jnice  can  diminish  or  retard -the 


■  Cahn.  ZkiUcIit.  f.  kiiii.  Med..  Bd.  12;  Glkulrtiger  aorl   Hofmclster.  Du  BoU-ltejr* 
mood's  Art'h  .  1890 ;  CliiUt'Dden  ntiil  .\nifniiiiii,  Joiirn  of  Physiol,,  Vol.  14 

*  ColiH.  Zeilschr.  f.  pbjrsioL.  Clieui.,  Gd.  14  ;  Stitusa  aud  Bialocour,  ZvUaclir.  X.  klbi. 
Med..  B(l.  38. 

>  See  StltiDe.  I^ltrliiicb.  S.  37 ;  Buoge,  Lehrbuch,  4.  AuH.,  3.  148  anil  ISB  ;  F.  Coibii, 
I.  c;  Hir^cbfeld.  Pflilger's  Arcli..  Bd.  47. 

*  In  n>gari!  tu  (lie  nriioii  of  gnslric  juice  on  palUogealc  microbes  we  refer  ibe  residcr 
lo  hBDdbouUs  of  BaclerloJog/. 
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action  of  oertain  tozalbumius,  ancli  as  tetanotoxiu  aud  diphtheria  toxic,  Ii 
also  of  great  intereift  (Nescki,  Sifhek,  and  Scnancow), 

Becanse  of  this  antifermciitire  and  aatitozic  action  of  gastric  jnioe  it  ia 
cousidered  that  the  chief  importance  of  the  g^tric  jaice  lies  ia  its  autiseptic 
actiou.  The  fuot  that  intestinal  jmtrefacLion  *  it;  not  itirreased  on  the 
extirjmtion  of  the  stomachf  as  derived  from  experiments  made  on  niun  and 
animals,  does  not  uphold  this  view. 

jVfter  death,  if  the  stomach  etill  contains  food,  anto-digeetion  goes  on 
not  only  in  the  stomach,  but  also  in  the  neighboring  organs,  ditriug  tho 
slow  cooling  of  the  body.  This  leads  to  the  qnestion,  wbj  does  the  stomach 
not  digest  itself  dnring  life?  Kver  since  Pav\'  Ims  shown  tliat  afujr  tying 
the  smaller  blood-vesBels  of  the  stomach  of  dogs  the  rttrrespnmling  part  of 
the  mucoas  membrane  waa  digested,  efforts  have  been  made  to  find  the 
canae  in  tho  ncntralization  of  the  acid  of  the  gastric  jiiice  bj  the  alkali  of 
the  blood.  That  the  reason  for  the  non-digestiou  during  life  is  to  bo  sought 
for  in  tlte  normal  circulation  of  the  blood  cannot  be  contradicted;  bnt  the 
reason  is  not  to  be  sotiglit  in  the  neutralization  of  the  acid.  'Die  recent 
investigations  of  Ff.rmi,  ^lAnrKS,  and  Otte*  show  that  the  hinnd  circula- 
tion acts  ia  an  indirect  manner  by  the  normal  nonrishment  of  the  cell 
protoplasm,  and  this  is  the  reason  why  the  living  protoplasm  acts  unlike 
dt>ad  protoplaem  on  the  digestive  fiuide  of  tho  stomach  or  tho  intestine. 
Still  we  do  not  knov  on  what  this  resistance  of  the  llring  protoplasm  is 
baaed. 

Under  pathological  conditioos  irregntarities  in  the  secretion  as  well  as  in 
the  absorption  and  in  the  mechanical  work  of  the  stomach  may  occur. 
Pepsin  is  almost  always  present,  but  the  absence  of  the  rennin,  as  aboTe 
stated,  may  occur  in  many  cases  (Boas,  Johnson.  KuiMrKiitrt').  In 
regard  to  the  aoid,  it  should  be  mentioned  that  sometimes  this  secretion 
may  be  increased  so  that  an  abnormally  acid  gastric  juice  is  secreted,  and 
■ometimee  may  be  i]ecre«sed  so  that  little  if  any  hydrochloric  acid  is 
secreted.  A  hypersecretion  of  acid  gastric  juice  sometimes  occurs.  In 
the  secretion  of  too  little  hydrochloric  acid  the  same  conditions  appear  as 
after  the  nentralizntion  of  the  acid  contents  of  tho  stomach  outside  of  the 
organism.  Fermentation  processM  now  ajijiear  in  which,  besides  lactic  acid, 
there  appear  also  rolatile  fatty  acids,  snch  as  butyric  and  acetic  acids,  etc., 
and  gases  like  hydrogen.  These  fermentation  products  are  therefore  often 
found  in  tlie  stomach  in  cases  of  chronic  catarrh  of  the  stomadi,  which 


*  CeBtralbl.  f.  BaklcHuloftta,  clc,  Bd.  28. 

■  See  Carvallo  &nd  Psclioo.  1.  c.  and  ScltUtter  In  Wrdblcwtki.  1.  c. 

*  P«Tf.  Phil.  TtansadiaaB,  Vol.  153,  Part  1,  himI  Ouy's  Hnspjiul  IttportB,  Vi»l.  18; 
Otte,  TraTaux  du  taboralolrc  de  I'lnstltut  de  Pbyslol.  do  LS&f^.  Tome  5.  ISM,  wlilcb 
hljo  contains  tbe  Itlertiiiirt-. 

*  Bm  foot<Dole  1.  p«ge  267. 
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maj  give  rise  to  belching,  pyroaia,  and  other  Bymptomi.  According  to 
Boas  the  appearance  of  Uctic  »clJ  is  characteristic  of  carcinoma  of  the 
atomach,  bnt  this  13  deiiieJ  by  oUiera. 

AjuoDg  ibe  foreign  subfltHUcca  found  in  tbe  conlenia  of  the  Monuich  we  hare  mu. 
or  amtnuuLuui  orbuuatt;  clfrtve<t  tUMvfrum  iii  urwmia ;  blood,  wlilcb  geucrally  rurnu 
a  dark  brown  mats  iliroucli  the  prcsLncv  of  liajmaiin,  due  lo  ibc  ncilon  of  lb«  ^siric 
luire ;  UII.H,  wtiicti,  upuelully  JuHiig  vomitlog,  «»Aily  fiudfl  iU  way  lUrougb  Uie  pjrlunis 
lalo  Cbc  Motnacti,  bin  wliosv  ]ir<2ieiic<:  si-eiUB  tu  be  without  ltn|>urtauc'e. 

If  it  is  (lesirerl  to  test  the  gastric  jnice  or  the  coDtenla  of  the  stomach 
tor  pepsin,  fibrin  may  he  einpluyeil.  If  this  is  tltorunghly  washeii  immedi- 
ately after  beating  tlio  blood,  well  pressed  and  placed  in  glycerin,  it  may  be 
kept  in  scrviccuble  comlition  an  indefinitely  long  time.  The  guatric  jaice 
or  the  contenta  of  thd  tttomoch — the  latter,  if  necesfsary,  huring  been 
previoasly  dilated  with  1  p.  m.  hydrocliloric  acid — is  tittered  aad  tested 
with  fibrin  at  crdtiuiry  temperature.  (It  must  not  be  forgotten  that  a 
control  teat  must  be  made  witlj  acid  alone  and  another  portion  of  the  same 
fibrin.)  If  tiic  fibrin  ia  not  notioeiibly  digeeteil  within  one  or  two  hours,  uo 
pepjtin  irt  present,  or  at  most  there  are  only  slight  traces. 

In  testing  for  reman  the  liquid  must  be  first  carefully  neiuralized.  To 
10  c.c.  unboiled,  amphoteric  (not  acid)  cow's  milk  add  1-2  c.c.  of  the  fil- 
tered neutralized  liquid.  In  the  presence  of  reimin  the  milk  should  coagn- 
late  to  a  solid  masa  at  the  temperatnre  of  the  body  in  the  course  of  lO-'iO 
minutes  without  changing  its  reaction.  If  the  milk  is  diluted  too  much  by 
the  luldiliou  of  tlie  litjuid  of  the  atomacli,  only  coarse  Hakes  are  obtained 
and  no  solid  coagiilinn.  Addition  of  linie-salts  is  to  be  arojded,  aa  they  in 
greiit  excess  may  produce  a  partial  coagulation  even  in  the  absence  of  reo- 
nin. 

In  many  cases  It  is  especially  important  to  determine  the  degree  of  acid- 
ity of  the  tfoxtric  Juice.  Thii5  may  V»«  done  by  the  ordinary  titrntion 
methods.  Phenol  phthalein  must  not  be  used  as  an  indicator,  for  we  get 
too  high  results  in  the  presence  of  lurge  quantities  of  proteids.  Good 
results  may  be  obtained,  on  the  coutrary,  by  using  very  delicate  litmus 
paper.  As  the  acid  reaction  of  the  contents  of  the  stomach  may  be  caused 
niiDuUiineonsly  by  several  acids,  still  the  degree  of  acidity  i^  here,  as  ia 
other  cases,  expressed  in  only  one  acid,  e.g.,  UCl.     GcnenUlr  the  aciditv 

N 
h  designated  by  the  number  of  c.c.  of  -^  caustic  soda  which  is  required  to 

nentralize  the  several  acids  iu  100  c.c.  of  the  liottid  of  the  stomach.     An 

acidity  of  43^  means  that  100  o.c.  of  the  liquid  of  the  stomach  reqnired 

N 
43  c.c.  of  —  canstic  soda  to  neutralize  it. 

The  acid  reaction  may  be  partly  due  to  free  acid,  partly  to  acid  salts 
(monopliot-p hates),  and  partly  to  both.  According  to  Leo  '  we  can  tost  for 
acid  phosphates  by  calcinm  carbonatt)^  which  is  not  neutnilized  therewith, 
while  the  free  acids  are.  If  the  gastric  content  has  a  neutral  reaction  aft^r 
shaking  with  calcinm  carbonate  and  tlie  carbon  dioxide  is  driven  out  by  a 
current  of  air,  then  it  contains  only  free  acid;  if  it  has  an  acid  reaction, 
then  acid  phosphates  are  present;  and  if  it  is  less  acid  than  before,  it  con* 


>  CBOtnlbl.  f.  d.  med.  Wlesetiscb.,  1SS9,  B,  481.  ami  Pllnger's  Aroli..  Bd   48,  6.  614. 
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tains  both  free  aci<l  and  acid  phosjiliate.  This  method  can  also  be  applied 
in  the  e«timatioQ  of  free  acid  (see  below). 

it  is  also  importatit  to  be  able  to  aecertuin  the  natare  ol  the  acid  or 
fjfoida  occurring  in  the  contents  of  the  stomach.  For  this  porpoito,  and 
^Bpeciolly  for  the  detection  of  frtt-  hydrochloric  arid,  a  great  number  of 
color  reactioDB  have  been  proposed,  which  are  all  based  upou  the  fact  that 
the  coloring  substance  gives  a  characteristic  color  with  vcrv  small  quantities 
of  hydrochloric  acid,  while  lactic  acid  and  the  other  organic  acids  do  not 
give  theso  colorations,  or  only  in  a  certain  concentration,  which  can  harrlly 
exist  in  the  contents  of  the  stomach.  These  rea^^euts  are  a  mixture  of 
pKKRic  *.CBTATK  uud  poTAssiTM  rti' r.i'iriirv ASIDE  Holiition  (IfoHK's  reagent 
has  been  modiBed  by  sereral  iriTestigiitors),  metuylakiun-violet,  tro- 

rJiOLlS    00.    GOSOO     BEI>,     UALACniTB-HHEEK,     ['HLUUtKiLL'ClN- VANILLIN, 

BESZOPt'RPtrRiN  fi  H,  and  others.  As  reagents  for  fr^e  lartic  arid  Uffel- 
MANN  suggests  A  strongly  dilated,  omethyst-bluo  solution  of  fekuic  cblo- 
BIDB  and  CARBOLIC  ACID  Or  a  strongly  dihited,  nearly  colorless  sohition  of 
FEEBio  CULORIDE.  Tliese  give  a  yelJow  with  lactic  acid,  but  not  with 
hydrochloric  acid  or  with  volatile  f»tty  acids. 

The  Talno  of  these  reagents  in  testing  for  free  hydrochloric  acid  or  lactic 
acid  is  still  disputed.'  Among  the  reagents  for  free  hydroclilorir:  acid, 
Mohr'b  test  (even  though  not  very  delicate),  firNzmRct's'test  with  phioro- 
glnein-TBnillin,  and  the  teal  with  tropajolin  00,  perfurnied  in  nio^lerate  heat 
us  snggested  by  Boas,  set-in  to  be  the  most  vulnuble.  If  these  tests  giro 
poritive  resulte,  then  tlie  presence  of  hydrochloric  acid  may  be  considered 
aa  proved.  A  negative  result  dooj*  not  eliniinuto  the  presence  of  liyiiro- 
chloric  acid,  as  the  delicacy  of  these  reactions  has  a  limit,  and  al^o  the 
simultAnoons  preaeDoe  of  proteid,  peptone^*,  and  other  bodies  inflncnces  the 
reactions  more  or  less.  The  reactions  for  lactic  acid  may  also  give  negntive 
results  in  the  presence  of  com  para  lively  largo  quantities  of  hydrochloric 
acid  in  the  li([uid  to  Iw  ti>Hlr>d.  Sugar,.  sulpliooTanides,  and  other  bodies 
may  act  with  these  reagents  similarly  to  lactic  acid. 

In  testing  for  lactic  acid  it  is  safest  to  shake  the  material  with  ether  and 
test  the  rc»idii6  after  the  evaporation  of  the  ether.  On  the  evaporation 
of  the  ether  it  may  bo  tested  in  several  way9.  Bmas'  utilized  the  jirupertv  of 
lactic  acid  of  being  oxidized  into  aldeliyde  and  formic  Jioirl  on  careful  oxida- 
tion with  sulphuric  acid  and  miiiiganese  dioxide.  The  uldehyde  is  (letecte<l 
by  ita  forming  iodoform  with  nn  alkaline  iodine  solution  or  by  its  forming 
aldehyde  morcnry  with  Nessler':)  reagent.     The  qnantiUtivo  estimation 

N 

consists  in  the  formation  of  iodoform  with  =-x  iodine  solution  and  caustio 
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potash,  adding  an  excess  of  hydrochloric  acid  and  titrating  with  a  r^  sodium 

arsenite  solution,  and  retitrating  with  iodine  solution,  after  the  addition  of 
starch-paste,  until  a  Ijlue  coloratioti  is  obtained.  This  method  prKsupposes 
the  nse  of  ether  entirely  free  from  alcohol. 

In  onler  to  be  able  to  correctly  judge  of   the  value  of  the  dlflerent 
reagents  for  free  hydrochloric  acid,  it  la  naturally  of  greatest  importance  to 

'  Id  regard  to  tlo  vxtonslve  lUtraturi:  om  ihlatiueslloii  we  refer  to  T.  Jikseb,  KliaUche 
DUguoBtik  Innvrer  KniukljeUcu.  4.  Aufl.,  189B.  Recitoo  S. 

*  I>euucb.  mcd.  WccbeaBcbi:..  1S93,  and  MQaclieaet  mvd.  Wocbeoscbr..  1898. 


be  clear  iu  regard  to  what  we  moan  by  free  hydrofililoric  acid.  It  is  a  well- 
known  fact  tliat  hjdrochlonc  acid  combines  with  protelds,  and  a  consider- 
able part  of  the  hydrochloric  acid  may  therefore  exist  in  the  contentB  of 
the  Btoniach,  after  a  meal  rich  iu  jirotcide,  in  combination  with  proteidi. 
Thi&  hydrochloric  acid  combined  with  proteids  cannot  be  couaidered  aa  free, 
and  it  is  for  this  reason  that  certain  in veati gators  consider  such  methods  ai 
those  of  Leo  and  KiugvisT,  which  will  be  described  below,  as  of  little 
value.  However,  it  must  be  remarked  that,  according  to  the  unanimous 
experience  of  many  investigatora,  the  hydrocliloric  acid  combined  with  pro- 
teids is  physiolof^icolty  active.  Those  reactions  (color  reactions)  which  only 
respond  to  lu'tually  free  hydrochloric  acid  do  not  show  the  physiologically 
active  hydrochloric  acid.  The  snggestion  of  determiniag  the  "  physiologi- 
cally active  "  hydrochloric  acid  instead  of  the  *'  free  "  seems  to  he  correct 
in  principle;  and  as  the  conceptions  of  free  and  of  physiologically  actire 
hydrochloric  acid  aro  not  the  ^mo  it  must  always  be  clear  whether  we 
want  to  determine  the  actnally  free  or  the  physiologicjjly  active  hydro- 
chloric acid  before  we  judge  of  the  value  of  a  certain  reaction. 

As  tho  above-mentioned  reactions  for  hydrochloric  acid  and  organic 
acids  are  not  snfticient  in  exact  investigations^  still  they  may  serve  in  many 
cases  for  clinical  purposes,  and  it  wilt  snilice  to  refer  the  reader  to  other 
text-hooks,  and  especially  to  ^'Kliniscfie  Diagnostik  innerer  Krank}mte»" 
by  K.  V.  Jakscii,  4th  edition,  189(>,  for  the  performance  and  the  relative 
vaUio  of  these  tests. 

Among  the  many  methods  suggested  for  tho  tjuaDtitative  estimation  of 
hydrochlnric  acid  nut  combined  witli  inorganic  base-fi,  the  two  following  are 
the  most  trnstworthy: 

Tlie  method  of  K.  Morxkk  and  iKiiiQvisT  depends  on  the  following  prin- 
ciple: Wlien  the  gastric  juice  is  evaporated  to  dryness  with  barium  carbon- 
ate and  then  calcined  tiie  organic  acids  burn  up  and  give  insoluble  bariam 
carbonate,  while  t)ie  hydrouliloric  iicid  forms  soluble  barium  chloride. 
From  the  quantity  of  this  the  original  amount  of  hydrochloric  acid  can  b« 
oalciilated.  10  c.c.  of  the  filtered  contents  of  the  etomach  ia  mixed  iu  ■ 
amall  platinum  or  silver  diah  with  a  knife-point  of  barinm  carbonate  free 
from  cbloriiles,  and  evajMinited  to  drynetw.  Tlie  residue  is  burnt  and 
allowed  to  glow  for  a  few  minuteti.  The  cooled  carbon  is  gently  rubbed  with 
water  and  completely  extracted  with  boiling  water,  and  the  fllirate  (about 
50  c.c.)  pt'ocipitftted  by  ainmoninm  chroniate  after  the  addition  of  ammo- 
nium acetate  and  acetic  acid  and  boiling.  The  carefuUv  collected  precipitate 
ta  washed  and  dissolved  in  water  by  the  aid  of  a  little  ^{C7,  KI,  and  hydro- 
chloric acid  added  and  titrated  with  hyposulphite  solntiou.  The  reactions 
take  place  as  follows:  4HC]  -f  2BaOO,  =  3BaCI,  +  2H,0  +  3CO  -  VBaCI, 
+  2(Ml.),Cr(>,  =  2l(aCrO.  +  4NH.C1;  SBaCrO,  -f  16HC1  -J-  (JKI =-iBaCl, 
+  Cr.CI,  -i-  aH  0  +  6KCI  +  31, ;  and  31,  -f  6Na,S,0,  ^  (>\al  +  3Na.S.O^ 
Each  c.c.  of  the  hyposulphite  correspotKls  to  3  nigni.  UCl.  ('omplete 
directions  for  the  necessary  Bolntious  and  for  the  performance  of  the  method 
may  be  found  in  Sj6<iVisT,  Zeitachr.  f.  kUn.  Med,,  Bd.  32. 

Leos  Method.^     lOc.c.  of  the  filtered  gastric  juice  is  treated  with  about 

V 

fi  c.c.  calcium-chloride  aolation,  and  the  total  acidity  determined  by  — 


>  Ceulralbl.  t.  d.  axil.  W1«oic1l,  1889,  8.  481. 
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caustic-Boda  Bolution,  neing  litmus  as  the  iiulicator.  Then  shake  16  cc.  of 
tlie  same  gastric  juice  with  pure,  Qnely  powdered  calcium  cnrboDac«,  filter 
through  a  dry  filter,  remove  the  t-arbon  dioxide  from  the  filtrate  hy  means 
of  a  current  of  air,  meaenre  oil  exactly  \{S  c.c.  of  tEie  liquid  and  cri>at  vith 
b  c.c.  of  the  calcinm-chlorido  solnlioii,  uiid  add  litnme  and  ticnite  again. 
The  difference  between  the  two  titrations  shows  the  acidity  due  to  free  acid. 
Any  fatty  acids  jtresent  may  I>e  shaken  ont  from  another  jiortiou  by  ether 
auo  the  acidity  determined  on  the  spontuneons  evaporalion  of  the  other. 

Other  methods  hare  been  proposed  by  C'AHNand  v.  Mehinu,  Uoffmaxn, 
WiNTEit  and  Havkm,  and  Bkaun'.  According  to  Kossler  '  the  three  last- 
mentioned  methods  are  not  quite  serviceable. 

liRo '  has  recently  made  Ktrong  objections  to  the  usefulnesa  of  MOkxkb 
and  Sj6(Jvist's  method,  lie  contradicts  the  correctness  of  Sj(>yvrsT'8 
statement  in  regard  to  the  extent  of  dissociation  In  various  mixtures  of 
hydrochloric  acid  and  phosphates,  and  he  obtained  in  direct  determinations 
aoch  ao  irregularity  in  the  results  and  such  a  great  variation  from  the  theo- 
retically calcnlated  r^imntitj  of  bydrochloric  acid  that  he  considers  this 
method  as  unserviceable. 

The  objections  made  to  Moknkr  and  S,i6qvisT's  method  are  in  part 
nniniportant  and  part  incorrect  and  nufounded  (S.io(jvi.st'),  and  for  the 
present  we  have  no  better  method  or  one  yielding  more  trustworthy  results. 

Id  testing  for  wlafile/tt/tt/  ad'Js  the  contents  of  the  stomach  ehoiild  not 
be  liirectly  distilled,  as  volatile  fatty  acids  may  he  fornieil  hy  the  decom- 
position of  othor  bodies,  snoli  as  proteid  and  ha-moglobiu.  The  neuLndizod 
contents  of  the  stomach  are  therefore  precipitated  with  alcohol  at  ordinary 
temperature,  liltcred  tjiiickly,  pressed,  ami  repetitetlly  extracted  with  alco- 
hol. The  alcoholic  extracts  are  miulo  faintly  alkaline  by  soda^  and  tho 
alcoliol  distilled.  The  residue  is  uow  acidilied  by  sulphuric  or  phosphorio 
acid  and  distilleil.  The  distillate  is  neiitniHxml  by  soda  and  evaporated  to 
dr>'nes9  on  the  nrnter-bath.  The  residue  is  extracted  with  absolute  alcohol, 
filteretl,  the  alrohol  distilletl  o(T,  and  this  residue  disttolved  in  a  little  water. 
This  Boiutioti  may  bo  directly  tested  for  acetic  acid  with  sulpUnric  acid  and 
alcohol  or  with  ferric  chloride.  Formic  acid  may  be  tested  for  by  silver 
nitrate,  which  <iuicliEy  gives  a  black  precipitate;  ami  butyric  iicid  is  detected 
by  the  odor  after  the  addition  of  an  acid.  In  regard  to  the  methods  for 
more  fully  investigating  the  different  volatile  futty  acids,  the  reader  is 
referred  to  other  text-books. 


HI.  The  GlandN  of  tho  Miicouh  IVIcmbrane  of  the 
lutcHtiiu'  iiikd  thofr  Se<Toiioiis. 


The  Secretion  of  Bnmner's  Glands.  These  glands  are  partly  considered 
as  small  pancreas-glands  and  partly  as  mncons  or  salivary  glands.  Their 
importance  in  various  animals  is  different.  According  to  GrCtzkek* 
they  arc  closely  related  in  dogs  to  the  pyloric  glands  and  contain  pepsin. 

'  Zellachr  f,  pIiyBloI.  Cheni..  Bd.  17. 

*  Zeilicbr.  t  kllu.  Med..  Bd.  8fl. 

*  PflUgert  Arch..  Bd.  !&  *  * 
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Tlio  Tievs  in  regard  to  the  oconrrence  of  a  diastatic  eDzyme  are  oonLradic- 
torr,  anil  tlie  diiliculty  of  collecting  the  secretion  from  these  glands  fre« 
from  contHiiiitiation  iti»kes  ttiis  asstiiiiption  eomewliat  unreliable. 

The  Secretion  of  Lieberlcohn's  Ol&ndB.  The  secretion  of  these  glands 
has  been  stndieil  by  the  aid  of  a  fietulA  in  the  intestine  according  to  the 
method  of  Thiky  and  Vella.  Very  little  if  any  secretion  takes  place  in 
fasting  animals  (dog)  when  tbu  mucous  membrane  is  not  irritated.  In 
lambs  PiiEOi.  found  the  secretion  coTitinnonri.  The  pjirtntcing  of  food 
causes  a  secretion,  and  in  Inrabs  increases  the  secretion  already  taking  place. 
Mechanical,  chemical,  and  electrical  irritations  act  in  the  eame  manner  in 
dogs  (TiriRY).  riloccirpin  does  not  increa-'e  the  secretion  id  lambs,  nud  in 
doga  it  does  not  seem  to  be  always  active  (Gamgee').  The  quantity  of  this 
secretion  in  the  course  of  24  honrs  hiia  not  been  exactly  determined. 

In  the  ttjiper  part  of  the  email  intestine  of  the  dog  this  secretion  is 
scanty,  slimy,  and  gelatinous;  in  the  lower  part  it  is  more  flaid,  with 
gelatinona  Inmpa  or  Hakes  (Rohmakn).  Intestinal  jnico  has  a  strong 
alkalitio  reaction,  generates  carbon  dioxide  on  the  aildition  of  an  acid,  and 
contains  (in  (logs)  nearly  a  constant  quantity  of  XaCl  and  Xa,CO„  4.^-^ 
and  4-5  p.  m.  rcajwctiTely  (Gumilewski,  Koiimann').  It  contains 
proteid  (Tiiiicv  fonnd  ^.01  p.  m.),  the  quantity  decreasing  tvith  the  dura- 
tion of  the  elimination.  The  quantity  of  solids  varies.  In  dogs  the 
<]iiantity  of  solids  is  12.2-^4.1  p.  m.,  and  in  lambs  29.85  p.  m.  The 
specific  gravity  of  the  intestinal  juice  of  the  dog,  according  to  the  obaervs- 
tiuna  of  Tuntv,  is  1.010-l.uUir,  and  in  lambs  l.uU'iT  (Prkgl).  The 
intestinal  juice  from  lambs  contains  18.097  p.  m.  protetd,  1.274  p.  m. 
albumoses  and  mucin,  2.2!)  p.  m.  nrea,  and  3.13  p.  m.  remuolng  organic 
bodies. 

The  action  of  the  intestinal  juice  has  been  studied  by  many  taresti' 
gators,  but  the  views  concerning  it  are  at  variance.  According  to 
certain  experitn enters  it  has  tho  power  of  converting  boiled  starch  ioUi 
sugar,  but  others  claim  that  it  has  not  the  pro]>erty.  Still  this  action  is 
always  only  slight.  Uowever,  it  seems  generally  accepted,  as  shown  br 
Pascuutjs,  BitowN  and  Heron,  Bastianelli,*  and  others,  that  the 
Intestinal  juice  or  an  infusion  of  the  mucous  membrane  has  an  iorertin^ 
action  on  cane-sugar  or  maltose.  Lactose  seems,  at  least  in  certain  animals, 
OS  dog  and  calf  (KOmiASN  and  Laiti:)  and  new-born  children  (Pautz  and 


•  TLiry.  Wicrt.  Biiziing«ber.,  Bd.  50 ;  Vfllln,  MuIqbcLoU'b  Uutentucb.,  Bd.  18;  Pte^ 
POUger-s  Arcb..  Bd.  61 :  Oamgee,  Pbyiiol.  Cbem.,  Vol.  9,  p.  410,  where  Vella  tad 
3Ias1off  nre  qunted 

>  Giimilewaki.  Ptlngcr's  Arch.,  Bd.  Sf^ :  RObmatLD.  Sftd,,  Bd.  41. 

'PMChtilln.  Ceotrnlbl.  f.  d.  mtii,  WlBSfiiscli.,  1870.  S.  Ml;  Brown  and  neros, 
Asoal.  d  CLum.  ii.  Ftiarm..  I)d,  204  .  BaatiaQclH.  Molescbotl'i  Catenucti.  zur  NRttu> 
Ithre.  Bd.  14.    TbU  conuins  hU  thr;  older  Hteriiture. 
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Vogbl'),  to  be  iDTerted  by  i  special  eikzvzne,  lactase.  The  action  on 
car  boh  jil  rates  tnkes  place  more  quickly  and  to  a  greAter  eitent  in  the  nppw 
part  of  the  intostine,  &nd  correspondiiiglj  the  ubeorption  of  starch  and 
SQgor  occnra  more  qiuckly  in  the  npper  part  than  in  the  lower  section  of  the 
intestine  (Laknui^  and  Lgi'I.ve,'  Ruiiuann). 

Bj  experiments  with  chloroform -nater  extracts  of  the  mucosa  of  the 
small  intestiDCf  as  well  as  with  the  precipitates  obtained  on  the  addition  of 
alcohol  to  these  extracts,  KrCger*  ha^i  confirmed  the  view  tliat  the  in- 
testinal mucosa  does  not  contain  either  a  proteolytic  or  steatolytic  but 
only  an  amylolytic  and  tiirerling  enzyme. 

Inteetinal  jnice  does  not  split  neutral  fats,  but  it  has  the  property,  like 
other  alkaline  flnide,  of  ewvlsifying  the  fatf.  In  regard  to  its  action  on 
albominooB  bodies  most  investigators  agree  that  the  intoatinal  jnice  has  no 
action  on  boiled  proteid  or  meat,  while  it  dissolves  fibrin  according  to 
TniRY.  Albumoses  v^TQ  not  converted  into  peptones  (Wesz').  Contrary 
to  other  inrestigators,  SmiPP  claims  that  the  juice  from  a  snocessful  Tistuta 
operation  digests  not  only  coagnlated  proteid  and  lumps  of  casein,  Imt  ilso 
Dnboiled  and  boiled  meat;  attention  should,  howerer,  bo  called  to  the  fact 
that  the  action  of  micro-organisms  was  not  excluded  in  these  ci|>eriinentfi. 
According  to  (Iachet  and  I'achon  '  a  digestion  of  coagulated  white  of 
egg  can  take  place  in  the  duodenum  on  eliminating  the  gastric  and 
pancreatic  jnices. 

Iluman  intestinal  juice  in  a  case  of  amis  prfpfemaluralit  has  been  inTes- 
tigated  by  Dkuant.  This  juice  showed  itself  entirely  inactive  on  albumi- 
nous bodies,  even  on  (Ibrin  and  on  fate.  It  had  only  a  very  faint  action  on 
boiled  starch.  Ti'Knv  and  Manxiko*  have  investigated  hnman  inU^tinal 
jnice.  The  specific  gravity  was  on  an  average  1.00G9.  The  reaction  was 
alkaline,  and  an  abundant  development  of  carbon  dioxide  took  place  on 
adding  ooid.  Proteids  were  not  digested;  etarch  was  first  saccharified  very 
slowly,  while  cane-sugar  and  maltose  were  inverted  by  the  juice.  Fats  were 
both  emulsified  and  saponified.  These  exiierinienta  on  the  action  of  the 
intestinal  juice  on  food  introduced  into  the  intestine  in  caeesof  isolated  loop 
of  the  intestine  in  animals,  and  itt  human  ititeatine  in  cases  of  anus 
pr<FterHOtvralis,  have  not  given  any  positive  results,  because  of  the  putre- 
faction procesme  going  on  in  the  intestine. 

■  Robmaoa  sad  Lnpp*.  Ber.  d.  deutKb.  chem.  Qeselltcb.,  Bd.  26 ;  PautK  and  Vofel, 
ZeltBchr.  f.  Biologic,  Bd.  32. 

•  Arcb.  d.  rhjrslftl.  (5).  Tome  1. 

■  Zellaobr.  f.  Blologio,  Bd.  S7. 

*  Z«ii«cltr.  r.  Biolo^e.  Bd.  S3,  wltlcti  also  coDtaloB  the  older  literature. 
',  ■  Scblfl,  Cenlralbi.  t.  d.  med.  WtKHiuscli.,  1868,  B.  857  :  Oncbcl  kntl  Pacbon,  Arch. 

Pbyaiol.  (S).  Toute  10. 

■  Pfmiinl,  Virebiiw'si  Arcb.,  Bd.  7& :  Turby  and  Mannlair.  Guy's  Hospital  nc|>OTt, 
Tol.  48.  p.  877  :  aUo  Ceulralbl.  f.  d.  m«d.  WisMoscb.,  18»3,  S.  M5. 
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The  BecretioD  of  the  glands  in  the  large  intCBtine  aeeniB  to  consiet  cliieflr 
of  mncns.  Fietulaa  have  bIbo  been  introdaceil  into  these  parts  of  the 
intestine,  which  ar«  chictlj  if  not  entirely  to  be  considerei)  as  absorption 
organs.  The  inTestigationa  on  the  action  of  thia  secretion  on  nnthtire 
bodies  have  not  a6  yet  yielded  any  positive  results. 


IV.  Pancreas  anil  Pancreatic  «lnico. 

In  inverte brutes,  which  have  uo  pepsin  digestion  and  which  also  hare 
no  formatioo  of  bile,  the  paricretiH,  or  at  least  an  analogous  organ,  seems  to 
be  the  CBeetitiu)  digestion  gland.  On  the  contrary,  an  anatomioally  charac- 
terietic  paucrciu  is  absent  in  certain  rortebratcs  and  in  certain  6shee. 
Those  functions  wliich  shonld  bo  performed  by  this  organ  aeem  to  be  per- 
formed in  these  animals  by  the  liver,  which  may  be  rightly  nailed  uepato- 
PAXOKEAB.  In  man  and  in  most  vertebrates  the  formation  of  bile  and  of 
certain  secretions  contaicing  enzyniea  important  for  digestion  is  diTided 
between  the  two  organs,  the  liver  and  the  pancreas. 

The  pancreas  gland  is  similar  in  certain  respects  to  the  parotid  gland. 
The  secreting  elements  of  the  former  consist  of  nacleated  cells  whose  bads 
format  a  moss  rich  in  proteids,  which  expand  in  water  and  in  which  two 
distinct  zones  exist.  The  outer  zone  is  more  homogeneons,  the  Inner  clondy, 
due  to  a  quantity  of  gmtiulea.  The  nuclena  lies  iihoiit  midway  between  the 
two  zones,  but  this  position  may  change  witli  tlie  varying  relative  size  of 
the  two  zones.  According  to  llEiJ)E.viiArx '  the  inner  part  of  the  cdli 
diminishes  in  eize  during  the  first  stages  of  digestion,  in  which  the  secretion 
is  active,  while  at  the  same  lime  the  outer  /.one  enlarges  owing  to  ths 
abBorptiott  of  new  material.  In  a  later  stage,  when  the  secretion  btt 
decreased  and  the  absorption  of  the  nutritive  bodies  has  taken  place,  ths 
inner  zonu  enlarges  at  the  expense  of  the  outer,  the  substance  of  the  latter 
having  been  converted  into  that  of  the  former.  Under  physiological  eon- 
ditiond  tlie  glandular  cells  are  undergoing  a  constant  change,  at  one  time 
consuming  from  tho  inner  part  and  at  another  time  growing  from  the  onter 
part.  The  inner  granular  zone  is  converted  into  the  secretion,  and  the 
onter,  more  homogeneous  zone,  which  contain}  the  repairing  material,  li 
then  converted  into  the  granular  sLibetanee. 

HEisitleit  conBideraUo  quantities  of  proteids,  ghhulin^  Ttucleojjroteid  (see 
Chapter  II),  and  aiiiunin,  we  6nd  in  this  glund  sereral  enzymes,  or,  mort 
correctly,  ztfttwgnnSt  which  will  be  described  later.  We  also  find  in  thi« 
gland  nuchiiiy  Uuctn  (butalanJu),  tyrosin  (not  in  tho  perfectly  fresh  gland\ 
xanihin,  1-8  p.  m.,  hypaxantkin,  'i-i  p.  m.,  guanin,  3-7. .^  p.  m.  (all 
figures  are  calculated  for  the  dried  anhatutice,   Kossel'),  atlenin^  intuif, 

>  PllUger's  Arch.,  Bd.  10. 
■Zeitscbr.  f.  physlol.  Cbem..  Bil.  8. 
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lactic  acidy  votatiU  fatty  acid*,  fatt,  nnd  mineral  mhslanctt.  Aewrding 
to  the  iiiTeeligatioiia  of  Oidtuakn'  the  hnnian  pancreas  contains  745.3 
p.  m.  water,  245.7  p.  m.  organic  and  9.5  p.  m.  inorganic  BabstaDces. 

Beaidefl  the  already-mentioned  (Chapter  VIII)  relstionBhip  to  the  trans- 
formation of  BQgar  in  the  animal  bodr,  the  ponrtreas  has  the  property  of 
secreting  a  juice  especially  important  in  digestion. 

Pancreatic  Juice.  This  eecretion  itmy  be  obtained  by  adjnsting  a  fistala 
in  the  excretory  duct,  accortling  to  ibe  iretlinds  suggested  by  Heknahd, 
Lrnwu;,  and  1Ieii)Knuaix,  and  perfected  by  Pawt.ow.'  If  the  operation 
is  performed  with  snfticient  rapidity  and  under  favorable  conditions  a  power- 
folly  Hctivo  secretion  may  be  obtained  either  immediately  after  the  operation 
{temporary  fistula)  or  after  some  time  I  permanent  Jishila). 

In  herbirora,  ancb  as  rabbita,  who^  digestion  is  aniuterrupted,  the 
secretion  of  the  pancreatic  juice  is  contitiuoiis.  In  t;aniivora  it  seems,  on 
the  contrary,  to  be  interniitteTit  and  dependent  on  the  digestion.  During 
Btarvatiou  the  secretion  almost  stops,  bnt  commences  again  after  partaking 
of  food.  Food  seema  to  act  in  a  twofold  manner.  First,  it  may,  with  the 
more  abundant  flow  of  blood  during  the  digestion,  which  is  seen  by  the  red 
color  of  the  gland,  convey  a  larger  qnantity  of  nutntiTe  material  to  the 
gland,  and  thereby  cause  the  secretion  of  a  juice  rich  in  solids.  In  anoilier 
way  the  food  may  also,  by  the  irritation  wbinh  it  produces  on  the  mncons 
coat  of  the  stomach  and  the  duodenum,  indirectly  cause  an  increased  secre- 

UOD. 

According  to  the  observations  of  Behksteix,  Heidkniiaix,  and  others, 
the  secretion  increases  rapidly  after  eating,  and  it  reaches  its  maximum  in 
the  course  of  the  first  three  hours.  From  this  time  the  secretion  diminishes, 
bnt  may  agaiu  increase  from  the  5th-7th  hour,  when  generally  large  qnan- 
tlties  of  food  pass  from  the  stomach  to  the  intestine.  Then  it  again 
decreases  contiuaonsly  from  the  9th-llth  hour,  and  stops  entirely  at  the 
15th-16th  hour. 

The  specific  irritants  for  the  secretion  of  pancreatic  jnice  are,  according 
to  Pawi.ow  and  his  colaborators,  aciJa  of  various  liiuda,  hydrochloric  acid 
as  well  oa  lactic  acid,  and  fHt«.  Alkulies  and  alkali  carbonates  bare  on  the 
contrary  a  retanling  action.  It  seems  as  if  the  acids  act  in  a  reflex 
manner  by  irritating  the  mucosa  of  the  duodenum.  The  water,  which 
canses  a  secretion  of  acid  gastric  jnice,  also  becomes  an  irritant  for  the 
pancreatic  secretion,  but  may  also  be  an  independent  exciter.  The  psychical 
moment  may,  at  least  in  the  first  place,  bare  an  indirect  action  (secretion 


■  dlfd  from  T.  Qnriip-B«MiR>3c.  Lchrbucb.  4.  Aull.,  8.  73S. 

•  Berrianl.  I^c^na  de  Pliyslol.,  T"ini'  2,  p.  lUft;  Lmlwlg,  mo  Bvrnstcln.  Arbeitvii  a. 
d.  pbyMol.  Aostiilt  z)i  I^ipzic.  IHNO;  Hviilunlialft,  PHQf^i-r'a  Arvli..  Bd.  10,  H.  AM: 
Pawlow,  Di«  Arbek  dcr  VrniaimiiBsdrOMn,  Wlrshnden.  ISBS. 
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of  ftcid  gastric  jalce),  nnd  the  food  seems  likewise  to  have  an  action  on 
pancreatic  eecretion  by  its  action  on  the  secretion  of  gastric  jaice.  The 
qaalily  of  the  food  Iihs,  on  the  contrary,  an  umtiiatakable  inflnence  oti  the 
composition  of  the  juice  and  the  quantity  of  the  different  enzymee.  Tbns 
the  juice  is  richest  iu  diaatatic  enzyme  after  bread  diet,  and  richest  in  the 
steotolytic  enzyme  after  milk  food.  Wlicu  a  dog  posses  from  a  inilk-und- 
bread  diet  to  an  exclusiTO  moat  diet  the  joico  becomes  richer  in  proteolytic 
enxyme  and  poorer  in  diaetatic  enzyme.  According  to  (Iottlieb  irritating 
bodies,  as  mtiBtard-oil,  cuuae  an  increaseil  secretioLi  of  pancreatic  jaice. 
According  to  Pawlow  and  Schirokikii' his  ex^Mriment  ie  not  coDclnsire 
on  acconnt  of  the  great  intensity  of  the  irritant  nsed  by  him. 

As  to  the  quantity  of  pancreatic  jaice  secreted  in  the  '^4  honra  authorities 
differ.  According  to  the  determinations  of  Pawlow  and  his  collaborators^ 
KrwscfTiNSKi,  W.\R^LiEW  and  .Iablonsky,'  the  averai;*  quantity  (with 
normally  acting  jaice)  from  a  permanent  fistula  in  dogs  is  SI. 8  c.c.  per 
kilo  in  the  ^i.\  hoars. 

The  pancreatic  jnice  of  the  dog  ie  a  clear,  colorless,  and  odor 
alkaline  Haid  which  when  obtained  from  a  temporar}-  tistala  ia  rery  rich 
proteids,  sometimes  so  rich  that  it  ooagnlates  like  tlie  wliite  of  the  egg 
CD  heating.  Besides  proteirh  the  jnice  contains  also  three  long-known 
enzymes — one  dutslafic,  one  fat-splittinff,  and  one  which  disiohts  jiroleid*. 
The  last-mentioned  has  been  called  trypsin  by  KCuN£.  Beaidee  this 
KCrrNK  luul  Inter  investigators  have  foand  a  rennin-Hke  etiityme  in  the 
gland  as  well  as  the  jnice.  liesidc-a  the  above- mentioned  bodies  the 
pancreatic  jaice  habitnally  contains  small  qaantities  of  leucin,  fat^  and 
ioitps.  As  mineral  conetituenta  it  contains  oliiefly  alkali  chlorides  and  con- 
siderable alkali  carbonate,  some  phosphoric  acid,  lime,  ningnesia,  and  iron. 

The  older  analyses  of  the  jnice  from  a  permanent  fiitnla  by  C.  Scnmnr 
are  the  results  of  a  more  or  less  abnoriimt  juice,  benoe  we  sliall  give  only  the 
aniUysos  of  juices  from  temporary  fistulas  on  dogs.'  The  results  are  giveu 
in  parts  per  1000. 


lA 


WaWr 900.6 

SolidB M.S 

OrgiiTiic  subatnoce 90.4 

A»S  8.6 


804.4 

110.6 


The  mint-ral  constUuenu  conolsteij  ctiiefl;  of  Nad.  7.4  p.  m.  _ 

In  thu  pnuei-fulic  Juice  uf  rubbit-t  11-20  p    mi.  wnlinlH  hnve  been  fouuil,  uod  In  ihit 

from  sheep  14  3-^6.9  p.  in.     In  (liu  itHncTciitiv  jnicvuT  tlic  liursc  9-15.5  p.  m.  snlldi  Imtc 

b«ea  found  :  Id  ihiil  of  ibe  pigeon.  \%~\\  p.  m. 

>  Qotllk'b.  ArcL.  f.  exp.   Palb.  n.  Plinriii.,   iid.  33;  ScbirokJkii,  Arcb.  des  ■eleoc 
biol.  do  Si.  PMcrsbourtr.  Tome  8.  p.  449. 

■  Ibid.,  Tome  3,  p.  391.    Tbc  older  KtBtemeoU  of  KefiTstda  ud  Hallwactu,  BMiIm- 
and  SctimiilT,  nnd  others  may  be  found  in  Knbne,  Lehrhucti,  p.  114. 

■  Citnl  frum  Maly  Id  Hfirmann's  Haiidbttch  d<?r  Physiol.,  Bd.  0,  Tbeil  2.  8.  160. 
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Tbe  humai)  paucrMlic  juice  bas  beca  analyzeii  by  IIerteii  '  Id  a  cane  af  stoppage  of 
tbc  i;xil  uf  ibi-  Juie«  by  tbe  pn-ssure  of  a  cnncer.  This  juice,  wlilcb  could  linnlly  be  coo- 
BJdereil  as  nortnul,  vras  clear,  alltalioie.  wlUiout  odor,  and  codioIdpcI  tUe  tbree  eazj-ua-s. 
It  contatovd  pepluur,  but  Ri>  other  pri>leiil.  Tlir  quauUiy  of  solids  was  34.1  p.  m.  Or 
tbew9.4  p.  m.  were  soluble  iu  nicobol.  It  ponluined  W.h  p.  m.  pcplnne  land  eozymes) 
and  6.3  p.  in.  miocnl  ^ubslaaces.  Zawadset'  boa  auulyzed  llie  imiivreatic  juice  of  a 
TDUog  voman  with  a  Qstula,  and  found  804.03  p.  m.  wntvr.  183  31  p  m.  organic  and 
9.44  p.  m.  iuorgauic  HuLmtauces.     Tbv  quantity  of  protein  bodies  was  0'2.O5  p.  lu. 

Among  the  constitueuts  of  the  |»ancrttat)c  juice,  the  three  enzymes  are 
the  most  important. 

Amyloptin  or  pancreatic  diastase,  which,  according  to  Korowix  bdcI 
ZwEiFEL,'  is  not  foimJ  iu  uew-boru  infantn  and  does  not  apitenr  until  more 
than  one  month  after  birth,  eeems,  although  not  identical  irith  ptyalin,  to 
be  nearly  related  to  it.  Amylopsin  acts  very  energetically  npon  boiled 
starch,  and  according  to  Ki'iiKE'  npon  nnboiled  starch,  especially  at  -f-  37* 
to  40°  C,  and,  similar  to  the  action  of  Balira,  forma,  beBides  dextrin,  chiefly 
iaomaltose  and  maltose,  with  only  very  little  dextrose  {Mfsci'LCS  and 
V.  MEaiso,  KClz  and  VooEL*).  The  dextrose  is  probably  formed  by  the 
action  of  tlio  inrertin  '  existing  in  the  gland  and  jnice. 

If  the  iiattind  {)ancreatic  juice  is  not  to  be  obtained,  tlien  the  gland, 
b«st  after  it  has  beeo  exposed  a  certain  time  ('Ji  hours)  to  the  air,  may  be 
treated  with  water  or  glyoerir.  This  infnsiou  or  the  glycerin  extract 
diluted  with  water  (when  a  glycerin  iiaa  been  used  which  bas  no  redncing 
action)  mav  lie  tested  directly  with  etarch-paatc.  It  is  safer,  howerer,  to 
first  precipitate  the  enxyme  from  the  glycerin  extract  by  alcohol,  and  wash 
with  this  liquid,  dry  the  precipitate  over  sulphuric  acid,  and  extract  with 
water.  The  enzyme  is  dissolved  by  the  water.  The  detection  of  sugar 
may  be  done  in  the  same  manner  as  in  tbe  saliva. 

Steapsin  or  Fat-splittirg  Enzyme.  The  action  of  the  pancreatic  jnice 
on  fats  is  twofold.  Firjt,  tbe  neutral  fata  are  split  into  fatty  acids  and 
glycerin,  which  is  an  enzymottc  process;  and  secondly,  it  has  also  the 
property  of  emulsifying  the  fats. 

Tlie  action  of  tlie  jiancreaLic  juice  in  splitting  the  fats  may  be  shown  in 
the  following  way:  Sbakc  olive-oil  with  caustic  flo<la  and  etlier,  siphon  oil 
the  ether  and  filter  if  necessary,  then  shake  tbe  ether  repeatedly  with  water 
and  evnjiorate  at  a  gentle  Ixiat.  In  this  way  wo  obtain  a  residne  of  fat  free 
from  fatly  acids  which  is  neutral,  and  which  dissolves  in  acid-free  alcohol 
and  is  not  colored  red  by  alkanet  tincture.  If  niicb  fat  is  mixed  with 
perfectly  fresh  alkaline  pancreatic  jnice  or  with  a  freslilv  prepared  infosiou 
of  the  fresh  gland  and  treated  with  a  little  alkoli  or  wiili  a  faintly  alkaline 
glycerin  extract  of  the  fresh  gland  (9  parts  glycerin  and  1  part  1;^  soda 

'  Herrif.  Zellscbr.  f.  pbyslol.  Cbem..  Btl.  4;  Zawadsky,  Centralbl.  f.  PbyaloU.  Bd. 
3,  8.  tlD. 

*  Eorowia,  Haly'a  Jabn-sber.,  Bd.  8;  Zwdfcl,  fool-note  5,  page  £53. 
■Letirbucb,  8.  117. 

*  See  foot-note  4,  page  SIS3. 

*  See  Tebb,  Jouroat  of  PbyBiol.,  Vol.  \\  and  Abcloos,  C.  R  8oc  de  biol..  1861. 
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foltitiou  ^or  each  gmmnie  of  tlie  gland),  aiid  some  litmna  tinctare  a(ldei3 
nnJ  rlia  mixture  vartneil  to  -f-  37  C,  the  alkaline  reaction  will  gradaallj 
dieappear  and  an  acid  oue  tAke  its  place.  This  ncid  reaction  depends  upon 
the  conversion  of  the  neotral  fats  by  the  enzyme  into  glycerin  and  free  fatty 
acids. 

The  splitting  of  the  neutral  fats  tnnji'  niso  be  shown  more  exnctly  by  the 
foUoiring  niethiHi:  The  mi:£tur6  of  neutral  fats  (abflolately  free  &om  fatty 
acidd)  Hud  pancreatic  juice  or  pancreas  intasion  is  digested  at  the  tempera- 
tare  of  the  body  and  treated  with  some  soda  and  repeatedly  shaken  vitK 
fresh  quuatlties  of  ether  until  all  the  nusplit  neulrul  fata  are  removed. 
TUen  it  h  made  acid  with  sulphuric  acid,  after  which  &hake  the  acid  liqoid 
with  ether,  evaporAto  the  ether,  and  teat  the  residue  for  fatty  acids. 

Anotlior  s.impte  process  for  tlie  demonstration  of  the  fat-spHtting  action 
of  the  pancreas- j; lands  is  the  following  i  Cl.  Uernakiv):  A  small  portion  of 
the  perfectly  fresh,  finely  divided  gland  substance  i^  first  sonkeil  in  alcohol 
(of  dO<).  Then  the  alcohol  is  retnored  as  far  as  possible  by  pressing 
between  blotting-paper,  after  which  the  pieces  of  gland  are  covered  with  au 
e:liereal  solution  of  noutrul  butter-fat  (which  may  be  obtained  by  shaking 
milk  with  caustic  soda  and  ether).  After  the  eraporation  of  the  ether  the 
pieoee  of  gland  covered  with  butter-fat  are  pressed  between  two  watch- 
glasses  and  Chen  gently  heated  to  37°  to  40'*  C.  in  this  position.  After  ^ 
certain  time  a  marked  odor  of  bntyrio  acid  appears. 

The  action  of  the  pancreatic  juice  in  splitting  fats  is  a  process  analogons 
to  that  of  Eaponillcatiorif  the  neutnd  fats  heing  decomposed,  by  the  nddilioii 
of  the  elements  of  water,  into  fatty  acids  and  glycerin  according  to 
the  following  formola:  C.lVO,.K.  (neutral  fat)  +  .311,0  =  C,U,.0,.fl, 
(glycerin)  -{-  3(11.0. It)  (fatty  acid).  Tlitii  depends  u|)on  a  hydrolytic 
splitting,  wliich  was  Qrst  positively  proved  by  Brknard  and  Hertiielot.' 
The  pancreas-enzyme  also  decomposes  other  esters  just  us  it  does  the  neutral 
fats  (Nenl:ki,  Uaas*).  The  pancreas- enzyme  which  decomposes  fats  has 
been  less  studied  than  the  other  pancreas-enzymes,  and  it  has  indeed  beea 
qaestiooed  whether  or  not  the  decomposition  of  the  neutral  fats  in  the 
intestine  may  not  be  elTected  tiirough  lower  orgiiuisnis.  According  to  tlie 
investigations  of  Krxcki  it  seems  that  tlie  pancreas  actually  contains  an 
enzyme  which  decomposes  fats.  This  enzyme,  which  is  still  little  known, 
appears  to  be  very  sensitive  to  acids,  and  it  is  often  absent  in  acid  glands 
not  perfectly  fresh.  If  a  watery  infusion  of  the  gland  prc|mred  cold  be 
treated  with  calcined  magnesia,  then  the  enzyme  in  question  will,  according 
to  1>AN1LEWSK[,'  be  retained  by  the  magnesia  precipitate. 

The  fatty  acids  which  are  split  off  by  the  action  of  the  pancreatic  jiiioe 
combine  in  Che  intestine  with  the  alkalies,  forming  soaps  which  have  a 

*  Bemud,  Aon-  <1u  ctitm.  ct  pbyslquc<8  >er.).  Tome  33;  Bcrthelol,  Jahmber.  d. 
Cbem.,  i»:i:>.  S.  733. 

*  Neocki.  Arch  f.  cxp.  Path.  u.  Phann.,  BJ.  &0  :  Boss,  Zeiucbr.  f.  pbyslol. 
Bd.  14.  S.  410. 

•Vlrehr.w'«  Arch.,  Bd.  25. 
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BtroQg  emulsifying  action  on  the  fats,  ami  tlins  the  pancreatic  juice  becomes 
of  great  Lmportance  in  the  emuUitication  and  the  absorption  of  tlio  fata. 

In  digestion  experiments  with  the  puncreas-gland  or  the  watery  extract 
of  the  same,  Kli'O  '  has  observed  a  ilevelopiheu  b  of  gases,  carbon  dioxide  and 
also  hjdrogeii,  which  were  not  produced  bv  putrefaction  and  winch  ho  con- 
pjdera  are  produced  by  an  enzymotic  cleavage  of  the  fata. 

Trypsin.  The  action  of  tbe  pancreatic  juice  in  digesting  proteid^  was 
first  observed  by  Bebkabd,  but  first  proved  by  Corvksaht."  It  depends 
npon  a  special  enzyme  called  by  KCiine  tn'pein.  Strictly  speaking,  this 
enzyme  does  not  occur  in  the  gland  itself.  In  the  gland,  more  probably,  a 
7ymogen  occurs  from  wliicli  the  enzyme  is  split  off  or  formed  during  secre- 
tion, also  by  the  action  of  water,  acids,  alcohol,  nud  other  substances. 
According  to  Aldeiitoni/  this  zymogen  is  found  in  the  gland  in  the  la^t 
thirtl  of  the  intra-uterine  life.  Enzymes  similar  to  trypsin  occur  also  in  the 
plant  kingdom. 

The  purest  trypsin  thus  far  prepared,  isolated  by  KCiink^*  is  solnble  in 
water,  but  insoluble  in  alcohol  or  glycerin.  The  less  pure  enzyme,  on  the 
contrary,  is  soluble  in  glycerin.  If  the  solution  of  the  etizyme  in  water  is 
bsftted  to  the  boiling-point  with  the  addition  of  a  little  acid,  it  decomposes 
into  coagulated  proteid  and  peptone  (KCuse).  According  to  tbe  investi- 
gations of  BiEUXAiKi  *  pure  tryjisin  in  0,26-0.5^  soda  solution  ia  destroyed 
in  5  minutes  by  heating  to  50°  C  It  is  destroyed  by  heating  its  neutral 
lolation  to  45^  C.  The  presence  of  albumoftea  or  certain  amraoninm  salts 
in  alkaline  tr}-pain  solutions  has  a  protective  action  to  a  certain  extent. 
Trypsin  is  destroyed  by  gastric  jatce.  Like  other  enzymes,  trypsin  Is 
characterized  by  its  physiological  ai::tion.  This  action  consists  in  dissolving 
proteids  and  especially  fibrin  in  alkaline,  neutral,  or  even  faintly  acid  soln- 
tions  with  readiuess. 

The  preparation  of  pure  trypsin  baa  been  tried  by  vorious  exporimonters. 
The  purest  seems  to  have  been  prepared  according  to  the  rather  complicated 
method  of  KCji.vb.'  In  studying  tbe  action  of  trypsin  a  less  pure  prepara- 
tion  may  often  answer,  and  varions  methods  of  preparing  sucli  have  1>eeu 
proposed,  but  we  cannot  describe  all  of  them.  For  t!ie  nniductictn  of  a 
glycerin  extract  (Hf.idexiiain ')  the  gland  should  be  rubbed  with  glass 
powder  or  pure  quartz-sand,  this  mass  carefully  mixed  with  acetic  acid  of 
\%  (t  c.c.  to  each  gmi.  of  gland),  then  for  each  part  of  tho  gland-moss  add 


•  Pflllger'a  Arch.,  Bd.  70. 

*  Gaz.  hcbdoDiadair«,  184?,  Nos.  15.  16.  19.     Clieil  from  Biinge.  Uhrbucli,  4.  Aufl., 
8.  IM. 

•  S«e  Maly's  JnLre9b«r..  Bd.  8.  S.  2M. 

*  Vcrh   fi.  nalurli.  mwi.  Veielna  zn  Hefilelbetj*  (N.  F.),  Bd.  1.  Heft  8. 

•  ZcilMrtir.  f.  Blnlffgic,  Bil.  2S. 

*  Verl).  d,  naiurli.mn)   VcrtliiB  zu  Heidelberg  <N.  F.>,  Bd.  1,  Hi-rt  8. 
'  POdKer't  Arch.,  Uil.  10. 
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J.0  parts  of  glycerin,  and  filter  after  about  three  days.  By  precipitating  the 
glycerin  extract  with  alcohol  and  redissolving  tlie  procipitate  in  water,  we 
obtaiu  a  nolution  which  has  a  powerful  digeattve  action.  A  waten-  infuaion 
of  tlie  gland  may  he  made  only,  after  it  has  been  exposed  to  the  air  for  ?■! 
hours,  and  5-10  parts  of  water  for  each  part  hy  weight  of  the  gland  shoali! 
be  nacd.  Acconlinf,'  to  KOnxR  '  the  impure  trypsin  is  allowed  lo  undergo 
auloiiigcstiDn  in  a  [).'i<  soda  aolutioD  and  in  the  presence  of  thymol.  After 
the  couTcrsion  of  the  albuoioses  into  peptones  the  trypain  may  be  precipi- 
tated by  ammoninm  snlphate.  An  actire  but  impure  infusion  may  I>e 
obtained  by  (iigoating  the  tlnely  divided  glaud  for  a  few  days  with  water 
containing  5-10  c.c.  chloroform  per  liter  (SALKOwaKi). 

The  action  of  trypsin  on  proteiiU  is  beet  (lemonatrated  by  the  ase  of 
fibrin.  Very  considerable  quantities  of  this  albuminoaa  body  are  dissolved 
by  a  stimll  anioiint  of  tryjisiu  at  37--LI)''  C.  It  is  always  necessary  to  mak« 
a  control  test  vrlch  fibrin  alone,  with  or  withont  the  addition  of  alkali. 
Fibrin  is  digsolveil  by  trypsin  without  any  pntrefuction;  tlie  liquid  hau  a 
pleasant  odor  somewhat  like  bouillon.  To  completely  exclude  putrefaction 
a  little  thymol,  cliloroforin,  or  ether  should  be  added  to  the  liqitid.  Trypsin 
digestion  dilTers  essentially  from  pepsin  digestion  in  that  the  first  takes 
place  in  uentrul  or  alkaline  reaction  and  not,  as  is  necessary  for  pepsin 
digestion,  in  jui  acidity  of  1-2  p.  m.  IICl,  and  further  by  the  fact  that  the 
proteids  dissolve  in  trypsin  digestion  wiihoat  previously  swelling  up. 

As  trypsin  not  only  dissolres  proteids  but  also  other  protein  substanoes, 
such  as  gelatin,  this  body  may  be  usod  in  iletectiug  trypsin.  The  liquefac- 
tion of  a  strongly  ditiinfected  gelatin  id,  according  to  FeBMl,*^  very  delicate 
reapeiit  for  trypsin  or  tryptic  enzyme. 

Maiiy  circumstances  exert  a  marked  indneoce  on  the  rapidity  of  tht 
tripsin  digestion.  With  an  increase  in  the  quantity  of  enzyme  present  the 
digestion  i^  hiL-stened  at  least  to  a  certain  poiikt,  and  the  same  is  also  true  of 
an  increase  in  trinpernturc  at  least  to  about  -j-  40°  C,  at  which  temperature 
the  proteid  is  very  rapidly  dissolved  by  the  trypsin.  The  reaction  is  also  of 
the  greatest  importance.  Trypsin  acts  energetically  in  nentral,  or  still 
better  in  alkitline,  solutions,  imd  best  in  an  alkalinity  of  :t~l  p.  m.  Na,CO,. 
Free  mineml  ticiiis,  even  iu  very  small  quantities,  completely  preTent  the 
digestion.  If  tiie  acid  is  not  actually  free,  but  cond>ined  with  albnminoiu 
bodies,  then  the  digestion  may  take  place  quickly  when  the  acid  oombina- 
tiou  is  not  iu  too  great  excess  (Chittsndbh  and  Cummins*).  Organic 
acids  act  less  disturbingly,  and  in  the  presence  of  0/^  p.  ni.  lactic  acid  and 
the  simnltauoouti  presence  of  bile  and  common  salt  the  digestion  may  indeed 
proceed  more  quickly  tlian  iu  a  faintly  alkaline  liquid  (Likdberobr).    The 


>  Ceatmlbl.  f  d.  mei],  Wiwenscli..  18M.  8.  SSO. 

•  Arcb.  f.  Hygiene.  Bd.  13. 

*  Stii(]le>!  from  Ibe  Pbjilol.  Cbem.  Luboralory  of  Yale  College,  Now  Havco,  1S86, 
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statement  of  ItACuvoKi}  and  SorTiiCATB  that  the  bile  can  prerent  tlie 
iQJnrious  action  of  the  hvdrucliloric  aciJ,  and  that  i\  miztare  of  pancreatic 
juice,  bile,  and  hydrochloric  acid  digests  hotter  than  any  other  mixture  of 
pancreatic  joicBt  conld  nut  be  sahetantiitted  hy  CniTTExnEN'  and  Ai.nito.' 
Carbon  dioiide,  according  to  Sciiiekueck,'  haa  a  retarding  action  in  acid 
Bolnttons,  bnt  it  accelerates  the  Iryptic  digestion  in  faintly  alkaline  licjuids. 
Fbreign  bodies^  such  as  borax  atid  potassium  cyaiLide,  may  promote  tryptic 
digestion,  while  other  bodies,  such  as  aalts  of  mercnrj,  iron,  and  otlierg 
(CnirrEN'DEX  and  Ccmuins),  or  salicylic  acid  in  large  quantities,  may  hare 
a  prerontire  action.  The  naJure  of  the  ptotntls  \a  also  of  imjiortance. 
Unboiled  fibrin  is,  relatirely  to  most  other  albaminoua  bodies,  dissolved  so 
very  qoickly  that  the  digestion  test  with  raw  fibrin  gives  an  incorrect  idea 
of  the  power  of  tr^'psin  to  diasoUe  coagulated  idbuminotis  bodies  in  general. 
An  accumulation  of  products  of  diffesUon  tends  to  hinder  the  trypsin 
digestion. 

The  Proilurti  of  the  Trypsin  IHgention.  In  the  digestion  of  unboiled 
fibrin  a  globulin  which  ctiagalatea  at  -f  55-G0°  C.  may  be  obtained  lut  an 
intermediate  prodnct  (Mekkmann ').  .Moreorer  from  fibrin,  as  well  as 
from  other  albuminona  boilies,  emanute  alhumotes  and  fmp/one,  hitciu, 
tyrosin^  and  aspartic  aeid,  a  With  It/sin,  Iii/giiiinin  (Hrdix),  arffinin  and 
histidin  (Ki'TsciiEK*),  and  ammonia  (IhitiiCiiLEK'],  and  also  the  so-called 
proteinchrimogm  or  triptophan.  When  putrefaction  ha«  not  been  entirely 
prevented  numerous  otber  botlies  aiijieiir  whiuh  will  be  spoken  of  later  in 
connection  with  the  putrefaction  process  going  on  in  the  inteBtine.  In  the 
tryiMin  digestion,  in  contraat  to  the  pepsin  digestion,  pure  peptones,  not 
precipitated  by  ammonium  Bulpbate,  are  relatively  easily  and  (|uicklj 
formed.  The  peptone,  according  to  KPiine,  consists  entirely  of  anti- 
pBptooe,  and  the  abore- mentioned  decomposition  prodacts,  leucin  and  the 
others,  are  formed  by  tliB  decomposition  of  the  hemijieptone  (see  Chapter 
U). 

Protufaohromftgfii*  or  trT|>lO[ihnii '  Is  n  elesTagu  product  RppeerlD^  In   ibc  tmitfc 

_  e<i>tii)ii  of  nlbuimiiiotii  bodies  Aiid  which  uivcs  a  nrddiili-Tiolet  prodiut,  so-cnlled  jiio- 
liuiL-Uruiii,  willi  ehluriiiBui  hri)iiijiie.  Accunliiig  tuNLM'K[  id  luutl  iwn  tlil|i-rL-iil  bodies 
With  uii«iual  Bmounu.  <if  bniiiiioc  ;ire  obuintd  "ii  «<lJin(i  bromine.  Ot»e  of  ilii-su  «!«nis 
to  Bl&iid  ill  cIdm  coEincctioii  Ti>  hitnifttoporpliyrlu,  or  bllirubit),  kij>I  lUv  oDicr  lo  tba 
auitnal  melnulog.     In  the  dlgvi^tiou  mtxtiire,  freed  from  Rlbumoam  by  amtnoiiium  sul* 


'  Llttdtwrger.  Hitty'i  Jabrcsbcr  .  B<].  18  ;  lUchford  sad  Souihgnlc.  Medteal  Record. 
1895;  Clilttcndei)  mid  Albro,  Amcr.  Jouiii.  of  PhyMol.,  Vol.  1,  lUHb. 
'  Skaii.  Areli.  f.  Pliy:«1oK.  IW.  3. 

■  Zriisclir.  f.  pbysinl.  Cliein  .  ltd.  II. 

*  Bodin,  Mt  Drvcbtel.  "  Abbnti  der  Etneitsstofla  In  Du  BoI«-Rejrmond'l  Arcb..  1891; 
Eutwher,  ZeiUrlir,  f.  pliysiol.  Cliviu..  Bd.  S-'j. 

*  Ihid..  Bd.  10.  8.  802.' 

■  SUtdclinann.  Zeltschr.  f   BUdogiie,  Bd.  84. 
^  Neunwlsier,  OnO..  fid.  d6.  S.  329. 
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plmle,  KiTRAJEFF '  liaa  ilelected  at  leajil  Ibn-e  prnteiiirliromB,  one  %  bliiiali-vinlet  bodr 
ullb  (it  U'tt§i  85lC  bronifne.  ntinlhcr  rc'l  with  S"»  bromloe,  unci  llitrdly  n  brown  or  hUpl 
limly  Dy  iLf  aciion  of  ciilmiiii:  ItBtTi.BU '  oblniued  u  xeiX  product,  cblornpTotclutlimin. 
■wlilcli  corrosiioiiil&  111  the  foimujn  Cit]liiaCltN,|(>ii8.  This  pmdiici  Is,  like  prnlein- 
cliromoRei].  reiidily  d<>coiiii>08e(!.  Tl'ti  protein cbroraogcD  Oilliiiu-s  tlirough  uembmivt 
iukI  l8  pi-vdpitalwf  \>y  plK>H[il]ci-t>iogslic  hcIi],  but  uot  b^  nii^uillic  aiiltii. 

The  action  of  irypain  on  other  bodies  has  not  been  thorougbly  studied. 
An  enzyme  lias  hcGU  (onnd  in  tlie  paucrens  nf  t1i6  pig  and  certain  lierliiTors, 
■which  ia  not  identiml  with  trypsin  and  which  caofea  the  coagnl&tion  of 
neutral  or  alkaline  milt  (KCaxE  and  Roukkts), 

According  to  IlALUBUiaoN  und  BuOuie' casein  is  transformed  by  the 
pancreatic  jaice  of  the  dog  into  **  pancreatic  casein,"  a  Bobstance  which  ia 
regard  to  solubility  stands  between  casein  and  paracasein  (see  Cbapter  XlV) 
and  which  is  converted  into  this  hist  snbstiitice  by  rentiin.  The  nucleiw 
and  pseutlv-uucleiii*  are  dissolved  by  the  alkaline  paiicreutic  juice  and  at 
least  in  part  farther  digested.  Gelatin  is  dissolved  by  the  pancreatic  jaice 
and  18  converted  into  gelatin-peptone.  According  to  Ki'nNEBnd  Ewald' 
ueitlicr  glycocoU  nor  leiicin  in  formed.  Thb  gelatin-forming  substanct  oi 
the  connective  tissues  19  not  directly  disaoWed  by  trypsin,  bnt  only  after  it 
has  been  trei^ted  with  n^idK  or  soaked  in  water  at  -f-  ^^°  C.  By  the  action 
of  trypsin  on  hyaliii  cartiUige  the  cells  dissolve,  leaving  tlie  nucleus.  The 
basis  is  softened  and  shows  an  indistinctly  constructed  network  of  collagen* 
oas  anbstance  (KChse  and  Ewalu).  The  elastic  substance,  the  gtruc- 
tureleis  Meuibmne,  and  tho  memhntne  of  the  fat-cells  are  also  dissolved. 
Parenchymatous  orffans^  snch  as  the  liver  and  the  mnaoles*  are  dissolved  all 
bnt  the  nucleus,  connective  tissue,  fat-corpusclea,  and  the  remainder  of  the 
nervous  tissue.  If  the  miiaclea  are  lioiled,  then  the  connective  tisane  is  also 
dissolved.  Mucin  and  certain  nnoleltis  are  dissolved  and  split  by  trypsin 
solutions.  Ori/fifBmofflobin  is  decomposed  by  tr\'peiu  with  the  splittitig  off 
of  ha-matin.  Hwrnogiobin,  on  tho  contrary,  when  the  acoesa  of  oiygen  it 
conjpletely  prevented,  is  not  decomposed  by  trypsin  (HoppE-SBrLEK*). 
Trj'psin  does  not  act  on  fate  or  carbohydrates. 

It  lifls  already  been  bronght  ont  above  that  ttypsin  does  not  exist 
ready  formed  in  the  gland,  but  more  likely,  as  TTeidbk iiain  has  shown,  the 
gland  contains  a  corresponding  zyniogen.  The  maximam  quantity  of 
such  zymogen  In  the  gland  occurs  14-ir>-lij  hoars  after  a  full  meal,  and 
the  minimnni  G-10  honrs  after.  This  zymogen  is  not  converted  by 
glycerin  into  trypsin,  but  is  easily  changed  by  water  and  acids.     A  coda 

'  Zdl*rUr,  r.  ph>sio!.  tliiMii..  \i^.  3ft 

*  NcDcki.  Ber.  d.  duuUcb.  cbcin.  Ut-avllSLli.,  Bd.  36 ;  Beitler,  ibid.,  Dd.  81. 

■  Gubtie  and  Roberts.  Muly's  Jntircsber..  Bd.  9,  S.  S?.!  ;  also  Sidney  Edklus.  JourDtl 
iif  Pbyaiology,  Vui.  13,  whicb  conlaiiiB  nil  tlic  litiiralure.  HalliburtOD  and  Brodic,  Mi., 
Vol.  80. 

*  Verb.  d.  naturb.-rueti.  Vereius  zu  Heidelberg  (N.  T.).  Bil.  1, 

*  Pbyalol.  Obnn..  B.  dlt7. 
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solution  of  1-1,5^,  oc  the  contrarj,  preveDte  alinoet  entirely  the  conrenion 
of  the  zymogen.  If  we  allow  the  glnnd  to  lie  in  the  air  it  gradnaHy 
becomei  acid,  and  this  leads  to  the  formation  of  an  enzyme  in  irhich  the 
oxygen  teem*  to  be  active,  as  is  naaal  id  the  conTersion  of  tlie  zymogen 
into  trypsin.  It  is  very  prohable  also  that  tlao  two  other  enzymes  are 
formed  from  corresponding  zymogenit,  and  this  has  been  shown  by  Livek- 
siiwE  *  to  be  plausible  in  the  case  of  the  diastatic  enzyme. 

V.  The  Choniioal   Prooonses  In  the  InteKtinc. 

The  action  vliich  belongs  to  each  digestive  secretion  may  be  essentially 
changed  by  mixiug  with  other  digestive  flnlds;  and  since  the  digestive 
flnids  which  flow  into  the  intestine  are  mixed  with  etill  another  llnid,  the 
bile,  it  will  be  readily  nnderstood  that  the  combined  action  of  all  these 
flnida  ia  the  intestine  makes  the  chemical  processes  going  ou  therein  very 
oomplicnted. 

As  the  acid  of  the  gastric  jnice  acts  destructively  ou  ptyalin,  this  enzyme 
has  no  further  diastatic  action,  even  after  the  acid  of  the  gastric  jnice  has 
been  neutralized  in  the  intestine.  The  bile  has,  at  least  in  certain  animals, 
a  faint  diastatic  action  which  in  itself  can  hardly  be  of  any  great  impor- 
tance, bnt  which  shows  that  the  bile  has  not  a  preventive  but  rather  a 
beneficial  inHiteiice  on  the  energetic  diastatic  action  of  the  pancreatic  juice. 
Maktis  and  Willuaws'  havt-  obKerred  a  beneficial  action  of  the  bile  on 
the  diastatic  action  of  the  pacreas  infusion.  To  this  may  be  added  that  the 
organized  ferments  which  occur  hnbitually  in  t!io  intestine  and  sometinted 
in  the  fooil  have  partly  adiastiklicuclicwi  and  parti v  prcKlueoalactin-acid  and 
fantyric-acid  fermentation.  The  nmltose  which  is  formed  from  the  starob 
seems  to  be  converted  Into  glticose  in  the  intestine.  Cane-sngar  is  inverted 
in  the  intestine,  ami,  at  leafit  in  (-ert.ain  uriinials,  aUn  lactose.'  Cellaloae, 
especially  the  finer  and  more  tender  kind,  is  nndoubtedly  partly  dissolved 
in  the  intestine;  the  products  thus  formed  are  not  very  well  known.  It  has 
been  shown  by  Tai'I'kinkh  that  celluloeo  may  undergo  fermentation,  caused 
by  the  action  of  micro-organisms  with  the  production  of  mareh-gaa,  aoetio 
acid,  and  butyric  acid;  still  we  do  not  know  to  what  extent  the  cellalose  is 
destroyed  in  this  way.* 

The  bile,  especially  dog-hile,  has,  according  to  Moors  and  Kockwood/ 

'  Jouni.  of  Phyniol..  VoJ.  8. 

■  Proceedings  of  I  he  TCoy.  See,  Vols.  45«Dd  48. 

*  See  lllemture  fuot-noio  S,  paf^e  380.  and  foot-noto  1,  pnge  281. 

*  On  Ibc  dlG;e8llon  of  oelliilnse  wv.  HennclH-rg  anti  Slnlimanii.  Ze![Br]ir.  f.  Blolofife, 
Kil.  21.  9.  613 :  V.  Eiilerieiii.  Una..  S.  6T :  Bnfmelaier.  Arcli.  f.  wii^.  u.  prakt.  TliUr- 
liellkiiDtlc.  Bil.  11  :  Wtlslcc.  Y.v\\«vht  f.  Blolo^le.  B<l.  22,  8.  878 :  Tapiwlner,  tbid..  B«ld. 
20  and  2<1  .  nnd  MallCvre.  PttDger'a  Arch..  Bd.  4d. 

»  Prowi-dinjpi  of  Roy.  Soc.,  Vol.  80,  sod  Journ.  of  Pbysiol.,  Vol.  81. 
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the  property  of  dissolving  fattjr  acids  to  a  rather  high  degree  and  hence  Jt 
cm  perhaps  iiccelerate  t}ie  a!Liori)tion  of  fatty  acid^  split  of!  bj  the  pan- 
crentic  jaico.  It  is,  however,  withoat  donbt  of  greater  importance  that  the 
bile>  aa  Nzncki  and  Rachfoku'  hare  Bhoim>  facilitates  the  fat-splitting 
action  of  the  pancrentic  juice.  The  fatty  acids  combiae  irith  the  alkalies 
of  the  ioteBtinal  and  pnncreatto  jtiioes,  producing  soaps  which  are  pArtlv 
absorbed  as  such  and  partly  exercise  a  powerfal  action  on  the  absorption  of 
the  IvkU. 

If  to  a  soda  solution  of  about  1-3  p.  in.  Ka^CO,  we  add  pure,  perfectly 
neutral  olive-oil  in  not  too  large  quantity,  we  obtuin,  after  vigoroas  shaking, 
a  transient  emiilBlon.  If,  on  the  contrary,  tve  add  to  the  same  riaantity  of 
soda  BoUitiofi  on  equal  umonnt  of  commercial  olive-oil  (which  always  con- 
tains free  fatty  acids),  we  need  only  turn  the  ressel  over  for  the  two  liquids 
t>  mix  and  immediately  we  have  a  very  finely  divided  and  permanent 
citiiiUioii  making  the  liquid  appear  like  milk.  The  free  fatty  acids  of  the 
alwivs  somewhat  rancid  commercial  oil  combine  with  the  alkali  to  form 
soaps  which  act  to  emulsify  the  fats  {BhCckb,  Gad,  Loewenthal'). 
This  emulsifying  action  of  the  fatty  acids  split  oil  by  the  pancreatic  juice  ii 
nndaubtedly  aeaisted  by  the  habitutil  occnrrence  of  free  fatty  acids  in  ths 
food,  and  also  by  the  splitting  off  of  fatty  acids  from  the  neutral  fats  by  the 
putrefaction  In  tlie  inteatiue.  These  fatty  acids  must  combine  with  the 
alkalies  in  the  intestine  and  form  soaps. 

As  the  greater  part  of  the  absorbed  fat  is  again  found  in  the  chyle  aa  an 
emnlaion  we  generally  consider  the  formation  of  an  emnlsion  by  the  aid  of 
the  soapa  as  of  great  importance  in  the  absorption  of  fats.  The  correctness 
of  this  view,  and  questions  iq  regard  to  the  absorption  of  fata,  will  be 
discoaaed  later  In  connection  with  absorption.  It  is  anfficient  to  state  here 
that,  according  to  the  unanimous  experience,  the  united  action  of  the  bils 
and  pancreatic  juice  favor  the  absorption  of  fats. 

Jiile  conipietely  prevents  pepsin  digestion  iii  artilkial  digoation,  becnase 
it  retards  the  swelling  up  of  the  proteida.  The  passage  of  bile  into  ths 
stomach  during  digestion,  on  tbo  contrary,  seems  according  to  several  inves- 
tigators, especially  0dm  and  Dastke,'  to  have  no  retarding  action  oa 
stomachic  digestion.  Bile  iiaa  no  solvent  action  ou  proteids  in  neutral  or 
Alkaline  reaction,  but  still  it  may  liave  an  inlluence  on  proteid  digestion  in 
the  intestine.  The  acid  contents  of  the  stomach,  containing  un  abundance 
of  proteids,  give  with  the  bile  a  precipitate  of  proteids  and  bile^acids.     This 


>  Nencki.  Arch.  t.  cxp.  Pnth.  l.  Pbariii..  Bd.  20  ;  Racbrord,  Journal  of  PbyaJoL, 
Vol.  12. 

'  Bi-Dcke.  Wien.  SEizungslMir. ,  Bd.  01,  AbtU.  S  ;  God,  Du  Bois-Reymond's  Areh., 
1878;  LoewetilUiil.  ibid..  1887. 

*  Oddl  li>;r.  ID  CcQlrolbl.  t.  PbysioL,  Bd.  1.  8.  812  ;  Daatre.  Arcb.  d«  PhytioL  (ft 
Tome  3,  p.  SI6. 


precipitate  carrier  a  part  of  tlie  pepEin  vith  it,  and  for  thin  reaeon,  and  aleo 
on  account  of  tlie  jwirtiul  or  complete  nentraliwition  of  the  acid  of  the 
gaatric  jnice  hy  the  idkuli  of  tlie  liile  and  ilio  panoreatic  juice,  the  pepsin 
digestion  cannot  proceed  fnrther  in  the  inte«tine.  On  the  contrary,  the 
bile  does  not  distnrb  the  digcitioii  of  proteids  b_v  the  pancreatic  juice  in  the 
intestine.  The  action  of  these  digestive  eecretioUB,  aa  above  stated,  ia  not 
<li8tnrbed  by  the  bile,  especially  not  by  the  faintly  acid  reaction  due  to 
organic  anids  which  are  habitnally  found  in  the  npper  part«  of  the  intestine. 
In  a  dog  killed  while  digestion  is  going  on,  the  faintly  acid,  bile-containing 
material  of  the  intestine  shows  regularly  a  strong  digee^re  action  on 
proteid&. 

The  precipitate  formed  on  the  meeting  of  the  acid  co&tents  of  the 
stomach  with  the  bile  easily  rediHEolves  hi  an  excess  of  bile  and  also  in  the 
KaCl  formed  in  the  neutralization  of  the  hydrochloric  acid  of  the  giistric 
juice.  Tbis  may  take  place  even  nnder  faintly  acid  reitciion.  Since  in 
roan  the  excretory  dncts  of  the  bile  and  the  pancreatic  juice  op«u  near  one 
another,  in  consefiaence  of  which  the  a4^id  I'rontentA  of  the  stoitiHcli  are 
probably  immediately  in  great  part  neutralized  by  the  bile  as  soon  as  it 
enters,  it  is  doubtful  whether  a  precipitation  of  proteiils  by  the  bile  occura 
in  the  iotMtine. 

Besides  the  previouBly  mentioned  processes  cansed  by  enzymes,  there 
are  others  of  a  different  nature  going  on  in  the  inteetine,  namely,  the 
fermentation  and  putrefnctiou  processes  caused  by  micro-orgauisms.  These 
are  less  intense  in  the  upper  parts  of  the  intestine,  but  increase  in  intensity 
towards  the  lower  part  of  the  same,  and  decrease  in  the  large  intestine 
becansa  of  the  absorption  of  wnter.  Fermentation  but  not  putrefaction 
proccasea  occur  in  the  small  intestine  aa  long  as  the  contents  am  strongly 
acid.  Macfadtkn,  M.  Nkncki,  and  N.  iSiehek'  have  investigated  a  case 
of  hnnian  anna  pnetornaturalis,  in  which  the  listuhi  occurred  at  the  lower 
end  of  the  ileum,  and  they  were  able  to  inveatlgate  the  contents  of  the 
intestine  after  it  had  been  exposed  to  the  action  of  the  mncotis  membrane 
of  the  entire  small  intestine.  The  mass  was  yellow  or  ycltowisb  brown,  dne 
to  bilinibiu,  had  an  acid  reaction  which,  calculated  aa  acetic  acid,  amounted 
I  to  1  p.  m.  The  contents  were  nearly  odorless,  having  an  empyreumatie  odor 
I  recalling  that  of  volatile  fatty  acids,  and  only  seldom  had  a  putrid  odor 
I  recalling  that  of  indol.  Tlie  essential  acid  present  was  acetic  acid,  accom* 
paaiecl  with  fermentation  lactic  acid  and  paralactlc  acid,  volatile  fatty  acids, 
Boccinic  acid,  and  bile-acids.  Coagclable  jiroteids,  peptone,  mucin,  dextrin, 
dextrose,  and  alcohol  were  present.  Loucin  and  tyroein  could  not  be 
detected. 

According  to  the  above-mentioned  inTeetigators,  the  proteids  are  only  to 
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a  very  slight  extent,  if  at  all,  decomposed  hy  the  microbes  in  the  small 
intestine  of  man.  The  microbes  present  in  the  small  intestine  prefenblj 
decompose  the  carbohydrates,  forming  ethy]  alcohol  and  the  above-mea- 
tioned  organic  acids.  Free  hydrochloric  acid  does  not  occar  in  the  mna.11 
intestine,  and  it  Is  the  organic  acids  that  prevent  the  putrefaction  of  the 
proteids  in  the  intestine. 

Further  iovestigations  of  Jakowsky  *  lead  to  the  same  result,  namely, 
that  in  man  the  putrefaction  of  the  proteids  does  not  take  place  in  the  small 
bnt  in  the  large  intestine.  This  patrefaction  of  the  proteids  is  not  the 
same  as  the  pancreatic  digestion,  and  these  two  processes  are  essentially 
different  because  of  the  products  they  yield.  In  the  pancreatic  digestion 
of  proteids  there  are  formed,  as  far  as  we  know  at  present,  besides  albumoses 
and  peptones,  bases,  protein chromogen,  amido-acids,  and  ammonia.  In 
the  putrefaction  of  the  proteids  we  have,  indeed,  the  same  products  formed 
at  the  beginning,  but  the  decomposition  proceeds  considerably  further  and 
a  number  of  products  are  developed  which  have  become  known  through  the 
labors  of  numerous  investigators,  Nsncki,  Bauhann,  Bbieoeb,  H.  and 
F.  Salkowski,  and  their  pupils.  The  products  which  are  formed  in  the 
putrefaction  of  proteids  are  (in  additiou  Xo  albumosesy  peptoiiMy  amidoaciday 
and  ammonia)  indol,  skatol,  paracresol,  phenol,  phenyl-propionic  octd,  and 
phenyl-acetic  acid,  also  paraoxyphenyl-aceiic  acid  and  hydroparacumaric  acid 
(besides  paracresol,  produced  in  the  putrefaction  of  tyrosin),  volatile  faity 
acids,  carbon  dioxide,  hydrogen,  marsh-gas,  meihylmercaptan,  and  sulphu- 
retted hydrogen.  In  the  putrefaction  of  gilatin  neither  tyrosiu  nor  indol  is 
formed,  while  ghjcocoll  is  produced. 

Among  these  products  of  decomposition  a  few  are  of  special  interest 
because  of  their  behavior  within  the  organism  aud  because  after  their 
absorption  they  pass  into  the  nrine.  A  few,  such  as  the  ozyacids,  pass 
uuchanged  into  the  urine.  Others,  sucb  as  phenols,  are  directly  trans- 
formed into  ethereal  sulphuric  acids  by  synthesis,  and  are  eliminated  as  such 
by  the  urine;  on  the  contrary,  others,  such  as  indol  and  skatol,  are  only 
converted  into  ethereal  sulphuric  acids  after  oxidation  (for  details  see 
Cbiipter  XV).  The  quantity  of  these  bodies  in  the  urine  varies  also  with 
the  extent  of  the  putrefactive  processes  in  the  intestine;  at  least  this  is  true 
for  the  ethereal  sulphuric  acids.  Their  quantity  increases  in  the  urine  with 
a  stronger  putrefaction,  and  the  reverse  takes  place,  as  Bauuakn*  hsa 
shown  by  experiments  on  dogs,  when  the  intestine  has  been  disinfected  by 
calomel,  namely,  they  then  disappear  from  the  urine. 

Among  the  above-mentioned  putrefactive  products  in  the  intestine  the 
two  following,  indol  and  skatol,  should  be  especially  noted. 

'  Arch,  des  Scienc.  biol.  de  St.  Peterebourg,  Tome  I. 
*  ZeftBcbr.  f.  pbyetol.  Cbem.,  Bd.  10. 
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CH 
Indol,   C,H,N  =  C,H,  CH,    and    Skatol,    or     wetbyl-ikdol, 

NH 

C.CH, 

/■^. 
C,H,N  =  C,H.  CH,  are  two  bodies  which  stand  in  close  relationship 

NH 

tu  the  indigo  substances  and  are  formed  in  raritibte  r}naTitities  from  proteid 
snbslances  under  dificreut  conditioas.  Ilence  they  occnr  habitaally  in  the 
htiman  intestinal  canal  and,  after  oxidation  iuto  indoxyl  and  ekutoxjl 
respectively,  jiass,  at  leimi  piirtty,  into  the  nrino  ils  the  corresponding 
ethereal  salplinric  acids  and  also  us  gkcnronic  acids. 

These  two  bodies  bare  been  prepared  synthetically  in  niauj  M-ays.  Both 
mav  be  obtained  from  indigo  by  reducing  it  with  tin  and  hydrochloric  acid 
and  heaiting  this  reduction  product  vhh  zinc-dust  (Baeteb').  Indol  may 
be  formed  from  ekatol  by  pnssing  it  throngh  a  red-hot  tube.  Indol  sd«- 
pended  in  water  is  in  part  oxidized  into  imiigo-bhie  by  ozone  (Xencki  '), 

Indol  and  skatol  crystallize  in  shining  leaves,  and  their  nteltiug-pointB 
are  +  52'  and  95°  C.  respectively.  Indol  baa  a  peculiar  excrementitioas 
odor,  while  skatol  has  u  intense  fetid  odor  {skatol  obtained  from  indigo  is 
odorless).  I^oth  bodies  are  eaaity  volatilized  by  »teani,  nkatol  more  easily 
than  indol.  They  may  both  ho  remored  from  the  watery  distillate  by  ether. 
Skatol  is  the  more  insolnble  of  the  two  in  boiling  water.  Uoth  are  easily 
Bolable  in  alcohol,  and  give  with  picric  acid  a  combination  consisting  of  red 
crystalline  needles.  If  a  mixture  of  the  two  picratcs  be  distilled  with 
ammonia,  they  both  piiss  over  without  decomposition;  wliilo  if  they  are 
dietilled  with  caustic  soda,  the  indol  but  not  the  skatol  is  decomposed. 
The  watery  solution  of  indol  gives  with  fuming  nitric  acid  a  red  tirjuid,  and 
then  a  red  precipitate  of  nitroso-indol  nitrate  (Nknc  ki  ').  It  is  bettor  first 
to  add  two  or  three  drops  of  nitric  acid,  and  then  a  2<  solution  of 
potaaatnm  nitrite,  drop  by  drop  (Salkowski ').  Skatol  does  not  give  this 
reaction.  An  uhrobolic  solution  of  indol  treated  with  hydrmOdoric  acid 
colore  a  pine  chip  cherry-red.  SkHtol  does  not  give  this  reaction.  Indol 
gires  a  deep  reddish-violet  color  with  sodtnm  nitroprusside  and  alkali 
(LE<iAL's  reaction).  On  acidifying  with  hydrochloric  acid  or  acetic  acid 
the  color  becomes  tme  bine.     Skatol  does  not  act  the  same.     The  alkaline 


■  Adds],  d.  Cbem.  u.  Flisrm.,  Bd.  140,  nnil  Bupplbd.  7,  8.  88;  aboBer,  d.  deatsoh. 
cbem.  aeselliH.'L..  Bd.  1. 

■  Ber.  d.  dentwb.  ebem.  aesellRcli.,  Bd.  8,  8-  797.  sod  Md..  8.  733  sod  1917. 
'ibid. 
*  Z«Uscbr.  r.  i>liy<Iol.  Cbrm..  Bd.  8.  8.  447. 
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Bolatiou  iu  jellow  aail  beoomes  yiolet  on  acidifying  with  acetic  acid  and 
boiling.  Skatol  didsoUea  in  ooucciitnited  livdrochloric  acid  vitli  a  TioUt 
coloration.  On  warming  akalol  with  Bulplmric  acid  a  beautiful  pnrp]»-red 
coloration  is  obtained  (Ciauk-iax  and  MAG>'i.>'iNi '). 

For  the  detection  of  indol  atid  skatol  in,  and  their  preparation  from, 
excrement  and  jmtrefytng  mixtures,  the  main  poinU  of  the  neuol  method 
are  as  follows:  The  mixture  is  distilled  after  acidifjing  with  acetic  acid; 
the  distillate  is  then  treated  with  alkali  (tn  combine  with  any  phenol  which 
mar  be  present)  and  again  distilled.  From  this  second  diutillAte  the  two 
bodies,  after  tlie  additinn  of  hyiJrochloric  acid,  are  jirccipitated  by  picric 
acid.  The  picriite  precipitate  is  then  distilled  with  ammonia.  The  two 
bodice  ure  olitiiinod  from  tlie  di^tillato  by  repeated  shaking  with  ether  and 
eTRporaliuii  of  the  several  ethereul  extracts.  The  reaidue.  containing  indol 
and  itkatol,  is  dii^^olved  In  a  very  small  qnantity  of  absolute  idcohol  and 
treated  with  8-iO  vols,  of  water.  Skatol  is  precipitated,  but  not  the  indol. 
The  further  treatment  necessary  for  their  separation  and  puritjcatiob  will 
be  fouod  ill  other  works. 

The  ijasnx  which  are  prodnced  by  the  decom position  processes  are  mixed 
in  the  intestinal  tract  with  the  atmospheric  air  swallowed  with  the  salin, 
and  as  the  giis  developed  in  tlie  decomposition  of  different  fooda  variee,  so 
the  mixture  of  g-Uies  after  various  foods  ghoald  hare  a  diasimilar  composi- 
tion.    This  IB  fonnd  to  be  trne.     Oxt/g»n  is  foaud  only  in  very  faint  tmcee 
in  the  intestine;  this  may  be  acconnted  for  in  part  hy  the  formation  of 
reducing  stibstrtnces  in  the  fermentation  processes  which  combine  with  the 
oxygen,  and  partly,  perliapa  chiefly,  to  a  diffusion  of  the  oxygen  throogb 
the  tiunes  of  the  walla  of  the  intestiue.     To  show  that  tliose  procewei  take 
place  mainly  in  the  stomach  the  reader  is  referred  to  page  271,  un  the  com- 
position of  the  gases  of  the  stomach.     Kitrogvn  is  habitually  fonnd  in  the 
intestine,  and  it  is  probably  due  cbietly  to  the  swallowed  air.     The  ctirbon 
dioxide  originates  partly  from  the  contents  of  the  stomach,  {tartly  from  the 
patrofaotion  of  the  prot«ids,  partly  from  the  lactic-acid  and  butyric-acid 
fermentation  of  carbohydrates,  and  partly  from  the  sotting  free  of  carbon 
dioxide  from  the  alkali  carbonates  of  the  pancreatio  and  intestinal  juices  by 
their  ncatralizatlon  through  the  hydrochloric  acid  of  the  gastric  juioe  and 
by  organic  acids  formed  in  the  fBmieiitjition.      Hudrogen  occurs  in  largest 
qaantities  after  a  milk  diet,  and  in  smallest  quantities  after  a  purely  meat 
diet.     This  gaa^eems  to  be  formed  chiefly  in  the  bntyric-acid  ferraeutatton 
of  carbohydrates,  although  it  may  occur  in  large  quantitiee  in  the  pntrefats 
tion  of  proteids  under  certain  circumstances.     There  ia  no  donbt  that  the 
methylmarcapian  and  sulphuretted  hydrogtn  which  oecnra  normally  in  the 
intestine  originates  from  the  proteids.     The  marsh-gas  nodonbtedW  qrigi- 
Qtttcs  in  the  putrefaction  of  proteids.     As  proof  of  this  Bi'«E*  touiM  ^(t.l5^ 

>  Ber.  A.  dcuuob.  chem.  OewlltclL,  Bd.  dl.  S.  193S. 

*  Wlen.  SitzimgHber,  Bd.  44. 
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marsh-gia  In  th«  human  intestine  after  a  meat  diet.  He  found  %  atiU 
greater  quantity  of  this  gas  &fter  &  regetable  (leg  a  mi  nous)  diat ;  thia 
coincidefl  with  the  ohrarvation  thtit  marsh-gas  may  be  produced  by  a 
fcrmenlatidn  of  carbolivil rates,  but  especially  of  celltilose  (Tai'kinek '). 
Such  an  origin  of  marsb-gas,  especially  in  herhirora,  is  to  be  expected.  A 
smaU  part  of  the  marsh-gas  and  carbon  dioxide  may  also  dei>eu(L  on  the 
deconiposilion  of  lecithin  (Hasebhoek  *). 

Putrefaction  in  the  iutesLine  not  only  de)>ends  upon  the  cotnjwsition  of 
the  food,  but  also  upon  the  albuminons  secretions  and  the  bile.  Among 
the  constituents  of  bile  which  are  changed  or  decomposed  we  have  not  only 
the  pigments — the  bilirubin  yiehls  urobilin  and  a  brown  pigment — but  also 
the  bile-acids,  especially  tanrocbolic  acid.  Glycocliolic  acid  is  more  stabto, 
and  a  part  is  found  unchanged  in  the  excrement  of  certain  aiiiniaU,  while 
tatirocholic  acid  u  so  completely  decompoerd  that  it  is  entirely  absent  in 
the  fwces.  In  the  foetus,  in  whose  intestinal  tract  no  putrefaction  procettses 
occnr,  we  find,  on  the  contrary,  undecoraposeU  bile-acids  and  bile-pigments 
in  the  contents  of  the  intestine.  The  reduction  of  bilirubin  into  urobilin 
does  not,  according  to  Maci'auyen,  Nsncki,  Sieuer,  and  nARX.EY,*  take 
place  in  man  in  the  small  but  in  the  large  intestine. 

That  the  socrotions  rich  in  protoiils  are  destroyed  in  putrefaction  in  the 
intestine  follows  from  the  fact  that  putrefaction  may  also  continue  during 
complete  fasting.  From  the  observations  of  MOllek*  on  Cetti  it  was 
found  that  the  elimination  of  indicnn  dnring  stanration  rapidly  decreased 
and  after  the  third  dny  of  starrntiou  it  hud  entirely  disappeared,  while  the 
phenol  elimination,  which  at  llrst  decreased  so  that  it  waa  nearly  minimom, 
incroa8c<l  again  from  the  fifth  day  of  starvation,  and  on  the  eighth  or  ninth 
day  it  was  three  to  seven  times  as  much  aa  in  man  under  ordinary  circum- 
etaocee.  In  dogs,  on  the  contrary,  the  elimination  of  indioan  during 
starvation  is  considerable,  but  the  phenol  elimination  is  sUgbt.  Among 
the  secretions  which  undergo  patrcfaction  in  the  intestine,  the  pancreatic 
jnice,  which  putrefies  moat  readily,  takes  first  place. 

From  the  foregoing  facta  we  conclude  tliat  the  products  forme<l  by  the 
putrefaction  in  the  hitestino  are  in  part  the  same  as  those  foniied  in  diges- 
tion. The  putrefaction  may  be  of  benefit  to  the  organism  so  far  as  the 
formation  of  such  products  as  albumoses,  peptones,  and  perhaps  also  certain 
amido-acids  is  concerned.  The  question  has  indeed  been  asked  (Pasteub), 
is  digestion  jKMsiblo  without  micro-organisms  ?  Nuttal  and  Thiekfelder  * 
have  shown  th»t  gninea>pigB  remored  from  the  uterus  of  the  mother  by 


'  Zeltsch.  f.  BioJogfc,  H<1*1.  SO  aii<l  24, 
•ZeiUchr.  f.  pby^iol.  Clitm.,  D«l.  13. 
'Hsrlcy.  Brii    Mid  J. .urn.,  1?96. 

*  Berlin,  klia.  WucbcuBclir.,  1897. 

*  Zeltscbr.  f.  physiol.  Cbcni..  B<ld.  SI  sod  8S. 


2^ 


DlGESnOK. 


Ctcsarian  section  couM  vith  sterile  air  ilige>st  well  and  aaaimilate  sterile  fooJ 
(milk  or  crackers)  in  clie  complete  absence  of  bacteria  in  the  iatestiue»  rikI 
grew  perfectlj  normal  and  increased  in  weight. 

The  bacterial  action  in  the  inteGtine  is  not  oecessarj  at  least  for  certain 
varieties  of  food.  That  they  may  be  of  iniporlauce  to  the  organism  Lu 
been  stated  abore;  bnt  this  action  may,  by  the  formation  of  farther  cIoaTi^e 
products,  bo  a  loss  of  valuable  matcrinl  to  the  organism,  and  it  is  therefore 
imi>ortaat  that  putrefaction  in  the  intestiuo  is  ko])t  witliin  certain  limits. 
If  an  animal  is  killed  while  digestion  in  the  intestine  is  going  on,  the  con- 
tentb  of  the  smalt  intestine  give  out  a  peculiar  bnt  not  pntrcscent  odor. 
AUrj  the  odor  of  tbe  cniileiitit  of  the  large  intestine  is  far  less  ofTensiTe  than 
a  pntrefying  pancreas  infusion  or  a  pntrefying  miitore  rich  in  proteid. 
From  this  we  may  conclude  that  putrefaction  in  the  intestine  is  ordinarilf 
not  nearly  as  intense  as  outeide  of  the  organism. 

It  aeems  thna  to  be  provided,  nnder  physiological  conditions,  that  putre- 
faction shall  not  proceed  too  far,  and  the  factors  which  hero  come  nnder 
consideration  are  ppobalily  of  tlilTerent  kinds.  Absorption  is  undonbtedlf 
one  of  the  most  important  of  them,  and  it  lias  been  proved  by  actual  ofaser- 
Tation  that  the  putrefaction  increases,  as  a  rule,  as  the  absorption  is  checked 
and  fluid  masses  accumulate  in  the  intestine.  The  character  of  the  food 
also  lias  an  unmistakable  inllnence,  and  it  BQem»  as  if  a  large  quantity  of 
ciirboliyd rates  in  the  food  acts  against  putrefaotion  (IIirschlrk').  It  bss 
been  shown  by  PuiiL,  Biersacki,  Hovioui,  Wistekxiiz,  and  ScHMlTZ* 
that  milk  and  kephir  have  a  specially  htrong  jireventive  action  on  putnfac- 
tioQ.  This  action,  according  to  Schuitz,  is  not  due  to  the  caeein,  bat 
chte:fly  to  the  lactose  and  also  in  part  to  the  lactic  acid. 

A  t<peciiLlly  strong  preventive  action  on  putrefaotJoii  has  been  ascribed 
for  a  long  time  to  the  bile.  This  anti<pntrid  action  is  not  due  to  nentnl 
or  faintly  alkaline  bile,  which  itself  easily  pntrefies,  bnt  to  the  free  bile* 
acids,  eapeciully  taarocholic  acid  (Maly  and  Emrii,  Linddckuek*]. 
There  is  no  quaation  that  the  free  bile-acids  have  a  strong  preventive  action 
on  putrefaction  ontside  of  the  organism^  and  it  is  therefore  difficult  to  deny 
sncli  an  iiction  in  the  intestine.  Xotwitliatanrling  this  the  anti-putrid 
action  of  the  bile  in  tbe  intestine  is  contradictei]  by  certain  invcstigaton 
(VoiT,  RoiiMANN,  HiRsciiLEit  and  Tekkay'-).     Mo»aE  *  has  recently  giren 


<  Zeiuclir.  f.  pliyaiul.  Cbom..  BU.  10.  S.  300. 

» Ibid.,  m.  n,  8.  401.  wliicli  k'"s  n-'fert-ni-L's  \n  Ilic  older  litErBturr,  sixl  Bd.  t9. 
Seo  itlsu  SidLowskt.  CeiJlnlbl.  f.  d  laeil.  Wiw..  1893,  B.  467.  and  Stvlig,  Vin-liuv't 
Arcli..  Bil.  146. 

'  Hsiy  uod  Kiiilch,  MouaUliefle  t.  Cbcm..  B'l.  4  ;  Lintlbvrger.  1.  c. 

*Voit.  Ikltr.  zur  Bloloj^'ie.  JiibllUnmsclirirt,  Httiugitrt,  18S2  ;  RttbaMuio,  PBO|«r'i 
ArcU.,   U<].  39;  Hir)u:liliT  wid  Tcrriiy,  Mnly'»  Juhrvaber  ,  Ud.  36. 

^Zciuchr.  f.  kiln.  Med.,  Bd.  S6, 
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forther  proof  as  to  the  inability  of  nentral  bile  in  prerentiog  patrof action, 
lie  claims,  on  the  contrary,  that  it  has  a  temporal  retarding  action  on  the 
development  of  bacteria. 

Biliary  ristnlH>  Imre  been  eetabllBhed  bo  as  to  study  the  inijiortance  of  the 
bile  in  digestion  (Soiiwann,  Hlonblot,  liinuKK  and  Schuidt,'  and 
others).  As  a  resnlt  it  has  been  observed  that  with  fatty  foods  au  imperfect 
absorption  of  fat  regnlarly  takes  place,  and  the  excrements  contain,  iliore- 
foro,  an  excess  of  fat  and  hare  a  light-gray  or  pole  color.  The  extent  of 
deviation  from  the  normal  after  the  operation  is  essentially  dependent  npon 
the  character  of  the  fiMil.  If  an  animal  is  fed  on  meat  and  fat,  then  the 
quantity  of  food  Diust  be  considerably  increased  after  the  operation,  other- 
wise the  animal  will  become  rary  thin,  and  indeed  die  with  symptoms*of 
starvation.  In  these  cases  the  excrements  have  the  odor  of  carrion,  and 
this  was  considered  a  proof  of  the  action  of  the  bile  in  checking  putrefac- 
tion. The  emaciation  and  the  increased  want  of  food  depend,  natnrally, 
npon  the  imperfect  absorption  of  the  fats,  whose  higli  calorific  value  is 
redaced  and  must  bf  replaced  by  the  taking  np  of  larger  riimntities  of  other 
natritive  bodies.  If  the  quantity  of  proteids  and  fats  be  increased,  then 
this  Inst,  which  con  be  only  very  incompletely  absorbed,  accnmnlates  in  the 
intestine.  This  accnmulution  of  the  fats  in  the  intestine  only  renders  the 
nntion  of  the  digestive  juices  on  proteids  more  ditHcnlt,  and  t\i6^B  last 
increase  the  amoant  of  patrefaction.  Tins  explains  the  appearance  of  fetid 
faeces,  whose  pit1e  color  is  not  due  to  a  lack  of  bile-plgmentB,  but  to  a 
aurpliis  of  fat  (Uuiimann,  VotT).  If  the  animal  is,  on  the  contrary,  fed 
on  meat  and  carbohydrates,  it  may  remain  quite  normal,  and  the  leading 
off  of  the  bile  does  not  canse  any  increased  putrcfiiclion.  Tlie  carbo- 
hydrates may  he  uninterruptedly  absorbed  in  Boch  large  quantities  that  they 
replace  the  fat  of  the  food,  and  this  is  the  reason  why  the  animal  on  snch  a 
diet  docft  not  become  emaciated.  As  with  tiiis  diet  the  putrefaction  in  the 
inte.'iLino  is  no  greater  than  under  normal  conditions  even  thougli  the  bile  is 
abeent,  it  wonid  seem  that  tite  bile  in  the  intestine  exercises  no  preventive 
action  on  putrefaction. 

The  re».Mirc1ies  of  I.aKDaI'KR*  on  the  inQuencoof  the  bile  on  metabolism 
have  subdtantiated  the  earlier  observations  that  fat«  arc  as  poorly  abiiorbed 
in  dogs  with  biliary  fistula  and  the  carbohydrates  as  in  normal  animals. 
With  food  consisting  of  medium  uniounts  of  proteids,  larger  amounts 
of  carbohydrates,  and  only  very  little  fat  the  deposition  of  proteld  took 
place  as  in  normal  animals.  On  feeding  with  sutVicient  proteid  and  little 
Iftt  nitrogenous  equillbriuin  oiTCiirted  also  in  a  tistala  dog,  but  first  with 


■  Scbwniin.  MQ1!lt\  AkIi.  t  Aunt.  ii.  Pliytiidl.,  \Mi  ;  IlioucUot.  ciled  from  Bidder 
ntiil  Srliiuidi,  VerdniUJDg^fflflf,  i-lc,  S   99. 

*  Math.  u.  uuUirw.  Bcrkbtuus  Uugurii,  Bil.  15. 
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a  bodily  woight  less  than  in  a  normal  animal.  Oa  feediDg  7ith  mediam 
•inantities  of  i>roteid  and  more  fat,  with  which  a  depositioQ  of  proteld  took 
place  in  a  normal  aoinial,  a  loss  of  proteid  was  observed  ia  a  fistals  dog. 

To  this  condusiou  tlie  objection  may  be  made  that  tlie  carbohydrate, 
which  are  capable  of  checking  putrefaction,  can,  so  to  speak,  undertake 
the  aoti-patrid  action  of  the  bile.  Bnt  as  we  also  have  cases  (in  d(^ 
nith  biliary  fistala)  where  the  intestinat  putrefaction  ia  not  increased  with 
exclusive  meat  diet,'  Btill  itiB  inaintBined  that  the  abaence  of  bite  in  the 
intestine,  even  by  exclusive  carboyhdrate  food,  does  not  always  canee  aa 
increased  putrefaction. 

Although  the  qaf^stion  bow  the  patrefactive  jiroresses  in  the  intestine 
ander  physiological  conditions  are  kept  wichin  certain  limits  cannot  ba 
answered  positively,  still  it  may  be  asserted  that  the  acid  reaction  of  the 
upper  parts  of  the  intestine,  and  the  absorption  of  water  in  the  lower  jwrts, 
are  important  factors. 

That  the  acid  reaction  in  the  intestine  has  a  preventive  inilnence  on  the 
putrefactive  processes  follows  from  the  existing  relation  between  the  degree 
of  acidity  of  tlie  gastric  juice  and  the  putrefaction  in  the  intestine.  After 
the  investigations  and  observations  of  Kabt,  Staueluann,  Wasbi^tzki, 
BiEiiNACKi,  and  Mestek  had  proved  that  an  increased  putrefaction  in  the 
ititeijtiue  occurred  when  tlie  qnuatity  of  hydrochloric  acid  in  the  gastric 
jaioe  was  diminished  or  deficient,  Schmftz*  has  lately  shown  in  man  that 
on  the  administration  of  hydrochloric  acid,  producing  a  hyperacidity  of  the 
gastric  juice,  the  pntrefnction  in  the  intestine  may  bo  checked.  The  quee* 
tion  as  to  hon'  tlio  putrefaction  is  regulated  in  animals  whoro  the  intestinal 
contents  ia  alkaline  all  along  the  intestine  (Moore  and  Kockwood*)  rttmaiu 
unsettled. 

Excrements.  It  is  e?ident  that  the  residue  which  remains  after  com- 
pteted  digestion  and  absorption  in  the  intestine  mnat  be  different,  both 
qualitatively  and  qnautitatipoly,  according  to  tho  rarioty  and  quantity  of 
the  food.  In  man  the  quantity  of  excrement  from  a  mixed  diet  ia  120-150 
grnis.,  with  30-37  grma.  solids,  per  24  hours,  while  the  quantity  from  a 
vegetable  diet,  according  to  Voit,'  was  333  grms.,  with  75  grms.  sotidi. 
With  a  strictly  meat  diet  the  excrements  are  scanty,  pitch-like,  and  colored 
nearly  black.  The  scanty  excrements  in  starvation  have  a  similar  ap[>ear- 
anoe.  k  large  quantity  of  course  bread  yields  a  great  amonut  of  light- 
colored  excrement.  If  there  is  a  large  proportion  of  fat,  it  takes  a  lighter, 
clayey  appearance.  The  decomposition  products  of  the  bUe-pigments  seem 
to  play  onlv  a  small  part  in  the  normal  color  of  the  fiecea. 

'  See  Hurley  tiul  Terray. 

■Zellaclir.  f.  pltyfilcit.  (^hem.,  B«1. 19,  3.  401.  wtiicL  includes  all  tbe  iMirtincol  lltenlora. 

•  Jouni.  oi  PhyniuL.  Vul.  at. 

•  ZeitBClir.  f.  Biwlogie,  IW.  25.  8.  a«. 
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The  conatitneDta  of  tba  fttoes  are  of  different  kincls.  We  find  in  the 
excremeDU  digestible  or  absorbable  constituents  of  the  food,  sncli  as  nniscle- 
fibres,  ooDnectire  tlsgneSf  lumpa  of  cueiti,  graiiiB  ot  Etarch,  and  fat  which 
have  Dot  bad  sufficient  time  to  be  completely  digested  or  absorbed  in  the 
intestinal  tract.  In  addition  tho  excrements  cnatuin  iodigeiitiblo  bodies, 
such  as  remains  of  plants,  keratin  enbetiinceg,  nacloin,  and  others;  also 
form-elements  originating  from  the  mucous  coat  and  the  glands;  oonstit- 
nents  of  the  different  ctecretions,  snch  as  mucin,  oliolalic  acid,  dyslvsin,  and 
cbolcstohn  (Icoprosterin  or  stfircorin);  mineral  bodies  of  the  food  and  the 
secretions;  and,  lastly,  prodacta  of  pntrefaction  or  of  the  digestion,  soch  as 
skiitol,  indol,  rolatile  fatty  acids,  lime,  and  magnesia  soHjie.  Occasionally, 
also,  paruaitcs  of  different  kinds  occar;  and  lastly,  the  excrements  contain 
micro-organisms  of  rarious  kinds. 

That  the  mucous  membrane  of  the  intestine  by  its  secretion  and  by 
the  abundant  quantity  of  detuched  epithelium  ooutributea  essentially  to 
{he  formation  of  excrement  follows  from  the  discorery  first  made  by 
L.  IIkumann  and  substantiated  by  otheni '  that  a  cletin,  isolated  loop  of 
intestine  collects  material  ftimiUr  to  fa>C5S.  ITnnian  faices  seems  to  consist 
in  greatest  part  of  intestinal  secretion  and  only  in  a  smaller  part  of  residue 
from  food.  Many  foods  prodnce  a  large  quantity  of  fieces  cbieQy  by  cunsing 
an  abundant  secretiun.* 

The  reaction  of  the  excrements  is  vary  variable,  bnt  alkaline  in  man.  It 
is  often  acid  in  tlie  inner  part,  while  the  onter  layers  in  contact  with  the 
mncons  coat  hare  an  alkaline  reaction.  In  nursing  infanta  it  is  habitnally 
acid  (WF.GSciiRinER*).  The  odor  is  perhaps  chiefly  due  to  skatol,  which 
was  6rst  found  in  tlie  excrements  by  HniKOKn,  and  so  named  by  him. 
Indol  and  other  sulMtancea  aUo  take  part  in  the  production  of  odor.  The 
color  is  ordinarily  light  or  dark  brown,  and  depends  above  ill  npon  the 
nature  of  tho  food.  Medicinal  bodies  may  give  the  f»ces  an  abnormal  color. 
The  excrements  are  colored  black  by  iron  and  bismuth,  yellow  by  rhubarb, 
and  green  by  calomel.  This  last- mentioned  color  was  formerly  accounted 
for  by  the  forinaliou  of  a  little  mercury  sulpliide,  bnt  now  it  is  said  that 
calomel  checks  the  piitrefactiou  and  the  decomjiosition  of  the  bile-pigments, 
so  that  a  part  of  the  bile-pigments  i^osses  into  the  fseces  as  biliverdin. 
According  to  LesaOe'  a  green  color  of  the  excrements  in  children  is  caused 
partly  by  biliverdin  and  partly  by  a  pigment  produced  from  a  liacillus. 


■  Hermitnn.  rtlQger'B  Arch.,  Bd.  4&.  Bee  also  Ehientltn),  ibid..  Bil.  -tft :  RrrenslelD. 
ilW..  B(l.  58;  Kleckl.  Cflilralbl.  f.  PhyBfol.,  Bii.  7.  8.  73(1,  mkI  V.  Volt.  Zeltwlir.  f. 
Biologle,  B<l.  29;  r.  MorArzt'ntki,  ZeiiKtbi.  f.  pli^sliij.  CbLtn.,  Bil.  So. 

*  lu  regard  io  tlie  conathinion  of  fftft*  with  various  foods  ac«  Ilammcrl,  K.ereuuu)er, 
Mocllcr.  nnti  PrniiaiilU.  ZuSWrlir.  f.  Riolugk,  Bd.  8S. 

<  Sol-  M>)yV  Jahres^er.,  Bd,  6.  S.  183. 

•ik-d..Ba.  IB.  S.  83fi. 
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In  the  yolk-yellonr  or  greenish-yellow  excrements  of  nnrsing  inianta  we  can 
detect  Ijiliriibin.  Neither  bilirubin  nor  biliTenihi  soema  to  exist  in  the 
excremeQis  of  mature  peraoas  under  normal  coaditiooa.  On  the  contrary, 
we  flud  sTERCOBiLtx  (Mabius  and  Vanlaiu),  which,  is  identical  witb 
urobilin  (Jafpe  ').  niliriiblu  ni»y  occur  in  jmtholo^ical  cases  in  Uie  faeces  of 
mature  persons,  it  has  beeu  obserred  in  a  rryatnUized  state  (aa  luema- 
.toidiu)  in  the  fn;ces  of  children  as  well  as  of  gruwu  persons  (Ufpbluakn, 
V,  jAKsnii'). 

The  absence  of  bile  (acholic  fseces)  causes  the  excrements  to  bare,  ar 
above  stated,  a  gray  color,  due  to  large  qiiaotitiee  of  fat;  this  may,  however, 
be  partly  attributeJ  to  the  absence  of  bile-pigments.  In  these  caaes  a  large 
(jnaiUity  of  crystals  haa  been  observed  (Ghkiiakdt,  v.  Jaksch)  which  con- 
gist  chiefly  of  magnesia  soaps  (Oesterles)  or  sodium  soaps  (.Stadblmakn  '). 
Heniorrliage  in  tlie  upper  parts  of  tbe  digestive  tract  yields,  when  it  is  not 
very  Hbnndant,  a  dark-brown  excrement,  dne  to  hs-matin. 


ExciiKTJN,  ao  untiirLf]  by  Marcet.*  ia  ji  {Tyslslliue  bniiy  occurriiie  lii  liumui  cxcre* 

fm 
ruLic  ACID  U  tlic  uuniv  fi-^vu  b] 
bful'y  Willi  nn  cscrcmrniiLlous  mlor. 


mi'Hi.  1)iit  wtiicU,  accorllDg  fi  I!  or  re -Sen  Ru.  U  pcrlmp9  oulj  fmpure  clioletiena 
(kii|H<>Hti'rlii  or  sttTcorlii  ?t.     ExrKKTULic  acid  U  tlic  uumv  givvu  by  Makckt  to  fin  oily 


In  coasideratiou  of  the  Tery  variable  compoBitioa  of  excrements  their 
quantitative  aimlyees  nrc  of  little  value  and  therefore  will  be  omitted. 

Meoonium  is  a  dark  brownish-green,  pitchy,  mostly  acid  mass  withont 
iiny  strong  oJor.  It  contains  greeniab-colored  epitbelinm  cells,  oell-detritas, 
nameroas  fat-globales,  and  choleaterin  plates.  The  amount  of  water  and 
solids  ia  respectively  720-800  ami  3>i0-'i00  p.  m.  Among  the  solids  we  find 
mucin,  bile-pigments  and  bile-acids,  cholesterin,  fiit,  soaps,  calcinni  and 
magnesium  phosphates.  Sugar  and  lactic  acid,  albuniinotis  bodies  (?)  and 
peptones,  also  Jeuciu  und  tyroaiii  and  the  other  products  of  putrefaction 
occtirring  lu  tlie  iutostiuo,  are  absent.  Meconium  imiy  conuin  undecom- 
posed  tanrocholic  acid,  bitirabiu  and  biliverdin,  but  it  does  not  contain  any 
etercobilin,  wbich  ia  considered  as  proof  of  the  noa-extstence  of  pntrefactive 
processes  in  the  digestivo  tract  of  the  fu?tns. 

In  irieJiro-legal  casus  it  is  sonietimes  necessary  to  decide  whether  spots 
on  lineu  or  other  substances  are  cansed  by  meconinm.  In  such  cases  we 
have  the  following  comlitions:  The  spot  cansed  by  meconinm  has  a  brow n- 
ish-green  color  and  can  be  easily  separated  from  the  material  becanse,  on 
account  of  the  ropy  property  of  the  meconinm,  it  ia  diflienlt  to  wot  tbrougb- 
When  moistened  with  wator  it  does  not  develop  any  special  odor,  but  oo 
vurming  with  dilute  Btilphuric  acid  it  lias  a  .somewhat  fetid  odor.     It  forms 


'  See  Chapter  VTII..  on  the  hlle,  and  CImpter  XV.  o»  uroWlfn. 
■  UffelmtLDU.  Deuttcli.  Arcb.  f.  hllu.  lUA.,  Bit  Sa  ;  v.  Jslucli.  Kltulsche  UUgnoetIk, 
4.  AuQ.,  8  373. 

*  In  re^rd  lo  fni  cryitsls  In  tUo  firccs  see  v.  Jaksdi,  I.  c,  p.  'il^ 

*  AiiDul  d«  cliim.  et  ile  phys.,  T«iiie  S9 
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witli  irater  a  alimj,  grMDi8])<3-el1ow  liquid  containing  brown  flskos.  Tbe 
Bolntion  givea  with  anexcenof  acetic  acid  an  infiolubje  precipitatoof  inucio; 
on  boiling  it  does  not  ooagulate.  The  filtered,  watery  extract  girea 
(iMKLi.v's,  but  atill  better  1Iui'FKRT*8,  reaction  for  bile- pigments.  The 
Ii<liiid  preci]>itiited  bjr  an  excess  of  milk  of  lime  givea  a  uearl,v  colorless 
filtrate,  wbich  after  concentration  gives  I't-nrRNKOFER'a  reaction.' 

Tkr  rmitrutM  ^f  thf  tnlrstine  viidtr  abnoruttti  eoudiUon*  are  perhaps  lew  Ihe  eublectof 
duniicHl  iiuttljr»is  ttiaii  of  ud  {D8pvCll'>n  aud  niIcro«cupIcH)  luTCBilt)piliuu  or  haneiinfoelca] 
exatniuallou.  Od  tbU  uccoiml  lliv  ([ui-atlon  u  tu  Ilia  pro|>crtIrB  uf  tlie  conteDU  of  tlie 
lotestlQe  in  diflcreat  Uisenwa  cunnoi  be  tlionxiflil;  trcal«<l  bere. 

Appendix. 

Intestinal  Concrements. 

Calcnli  occar  very  seldom  in  haman  intestine  or  in  tlie  JntMtine  of 
c&rntrora,  but  tlicy  are  qnite  common  in  herbivora.  Foreign  bodieti  or 
nndigesteil  residnea  of  food  may.  when  for  some  reason  or  other  they  are 
retained  in  the  intestine  for  some  time,  bocorae  incrusted  with  salts, 
especially  amniotiiuni-magneaium  phosphate  or  mognesitini  pbospliate,  and 
theae  salts  form  Dsnally  the  chief  constitaent  of  the  concrements.  In  man 
they  are  sometimes  oval  or  round,  yellow,  yellowish  gray,  or  brownish  gray, 
of  variable  size,  consisting  of  concentric  layers  and  eontitining  chiefly 
ammoninm-magnesinm  phosphate,  caleinm  phosphate,  Ijesidcs  a  situdl  quon- 
tity  of  fat  or  pigment.  The  nucleus  ordinarily  consists  of  some  foreign 
body,  snch  as  tbe  stone  of  a  fruit,  a  fragment  of  bone,  or  somethiug  similar. 
Tn  those  conntries  where  bread  made  from  oat-bran  is  an  important  food, 
we  often  find  in  the  large  intestine  balls  similar  to  the  eoKralled  hair-ballt 
(see  below).  Such  calculi  contain  calcium  and  magnesium  pliosphate 
(about  70^),  oat-bran  (Ifi-18^),  soaps  and  fat  (alwut  10<).  Concretions 
Thich  contain  very  much  (about  74*)  fat  seldom  occur,  and  those  consist- 
ing of  fibrin  clots,  sinews,  or  pieces  uf  meat  incrusted  with  phosphates  are 
also  rare. 

Intestinal  calculi  often  occnr  in  animals,  especially  in  horses  fed  on 
bran.  These  calculi,  which  attain  a  very  large  size,  are  hard  and  heavy  (as 
much  as  8  klloK)  and  consist  in  groat  jutrt  of  conrentric  layers  of  ammonium- 
magnesinm  phosphate.  Another  variety  of  concrements  which  occurs  in 
horses  and  cattle  consists  of  gray-colored,  often  very  large,  but  relatively 
light  stones  which  contain  plant  residnoa  and  earthy  phosjihutes.  Stones 
of  a  third  variety  are  sometimes  ovlindrica],  soniotimca  siilierical,  eniDolh, 
shining,  brownish  on  the  surface,  consistiug  of  matted  lialrs  and  plant- 
flbrea,  and  termed  hair-haU».  The  so-ndled  "  ^nAOitoi'iLA,"  which 
probably  origiuate  from  the  AXTii.oprs  nrprrAi>RA,  lielong  to  this  group, 
and  are  generally  considered  as  uolhin;;  else  th;in  the  hair-balls  of  cattle. 

The  so'Called  oriental  bftoar-ftone  belongs  also  to  the  iutestinnl  concre- 
ments, and  probably  originates  from  the  intestinal  tract  of  the  capra 
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DIGESTION. 


MGAQRXJ9  had  ASTitx>r£  D0KCA8.  We  may  hare  two  rarietiee  of  bezov- 
•tones.  One  is  olive-green,  faintly  shining,  forme<l  of  coacencric  Liyers. 
Oo  hoating  it  melu  with  the  deTelopmeot  of  aa  aromatic  odor.  It  conuim 
as  chief  coostitaeot  LiTnoFKLUc  acid,  C\,U.,0.,  which  in  related  to  cholalJc 
acid,  and  besides  tbia  a  bile-aotd,  utiiobilic  acid.  The  otiiere  are  Dearij 
blackish  brown  or  dark  green,  very  gloflsj,  cousiEtiDg  of  concentric  layora, 
aad  do  not  melt  on  heating.  The/  coDtain  as  chief  eoaatitneot  kzxaoic 
ACID,  a  derivative  of  tADDic  acid,  of  the  formula  C,.H,0, ,  which  girea  a 
deep  blue  color  with  an  alcoholic  soiiition  of  ferric  chloride.  This  last- 
meutioned  bezoar-stone  origioateB,  to  all  appearances,  from  the  food  of  the 
animal. 


Awtlterffris  Is  grnemlly  ct^DlIiloreil  ui  iotcitluiil  cancreiiieut  of  tlie  spc-rm  k bote.  lU 
cbii'f  coristlluent  ib  amiiraj.v.  wLith  is  a  ooii-nilro|Ci'n«u^  suh-diiDci'  pcriiapii  relntcd  to 
clio)«slcriu.  Ambnili)  U  iu»olubl«  in  waur  and  is  uot  cljaug»d  t»y  boiUun  alJulias.  It 
diatoWes  lu  alciiUol,  eLbtr,  and  oUa. 


yi.  Absorption. 


^ 


The  problem  of  digestion  consists  in  part  in  separating  the  valuable  coi- 
atitaents  of  the  food  from  the  useless  oaet>  and  dissolving  or  trausformiug 
them  into  forms  winch  are  necessary  lu  the  processes  of  absorption.  In 
discuBiini^  the  absorption  processes  we  must  treat  of  the  form  into  which 
the  UiUerent  foods  are  transformeil  before  absorption,  of  the  manner  in 
which  this  is  accomplished,  and,  lastly,  of  the  forces  which  act  in  those 
processea. 

Froteids  may  not  only  be  absorbed  from  the  intestine  aa  albnmoses  and 
peptone,  bat  also,  as  sliowii  by  the  earlier  investigitions  of  tittcCKB,  Bal'BK 
and  VoiT,  J^ichiiohst,  Czerny  and  Latsciikkbergrr,  and  recently  by 
YoiT  and  l<'HiKUiJi.NDKit,'  as  non-peptonized  proteid.  In  the  researchet 
of  the  lost  two-menlioned  investigators  neither  cusein  (aa  milk)  uor  hydro- 
chloric acid  myosin  nor  acid  albuminate  (in  acid  Bolution)  was  absorbed, 
while,  on  the  contrary,  about  '^I^  of  oTalbmrnin  or  seralbumin  and  S9%  of 
albnli  ttlbiimiiiate  (dissolved  in  alkali)  were  absorbed.  Under  snch  condi- 
tions the  qtiestioii  ari^tes,  to  what  extent  are  the  proteids  absorbed  aa  pep- 
tone or  albuiuoses  or  in  other  forms  ? 

This  question  cannot  be  decisively  answered,  as  the  observations  on  this 
subject  arc  contradictory.  In  inrostigatiug  the  stomachs  and  inteacine  of 
dogs  ScuMiDT-ML^LHEtM  found  that  the  r|UAntity  of  peptone  (albiimoses) 
in  the  intestinal  tract  was  considerably  greater  than  the  simply  dissolved 
proteid.     Other  experimenters,  snch  as  ELLENitf^uuhiu  and  Uofubuter 


>  BrQcko,  Wloit.  muungBber.,  Bd.  BB  :  Rawr  mid  V'oil,  ZeiUclir.  f.  Btologle.  Btl.  $: 
Elclihom.  Pflugor'B  Arcb..  Dd.  4:  Cztrtiy  ntnl  T^isclieul>erg«r,  Vlrchow'a  Aicb. 
Bd.  30  :  Volt  and  Priedlftndor,  ZvltBchr.  f.  Biologle,  Bd.  88. 
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(experiments  oo  pigs).  £wald  and  GritucB'  (observations  on  mau), 
found,  ou  Lbe  contrary,  onlv  Tcrr  iiiaignifioBiit  qauutitleB  of  albatnosee  and 
peploDee  in  the  intestJDe  or  Htumacb.  It  tlie  ulbiimoEea  and  peptone*)  are 
more  readily  absorbed  tban  tiie  other  proteids  and  the  absorption  ainl  diges- 
tion in  the  stomach  run  parallel  (Sciisiiin-Mt'LiiEtif),  then  it  ib  difficult  U> 
draw  any  positive  oonclueioD  from  the  enmll  qtiautily  of  albinnoses  found. 

In  what  vrav  are  the  albumoses  and  peptones  absorbed,  and  how  aro  they 
cooreyed  to  the  tieues?  The  getierHJly  accepted  view  is  that  they  do  not 
pass  into  the  blood   tbrongh  the  lympliatic«,  but  tliroagh  tlio  intestinal 

.  epithelium,  and  this  view  is  based  essentially  on  the  two  following  conditions. 

|k0B  completely  isolating  the  chyle  from  tiie  blood  circnlation,  tlie  proteid 

fuworption  from  the  iute^tino  is  not  impaired  (Lrnwio  and  ScuuiDT- 
A[6i.TiEiM)i  and  on  a  diet  rich  in  proteid  the  quantity  thereof  in  the  chyle 
(in  man)  was  not  noticeably  increased  ()1l'NK  and  Kusi;nstein).  Ascher 
and  Bakbeha*  have  recently,  it  is  true,  shown  iu  experiments  on  a  dog 
that  the  quantity  of  proteid  in  the  lymph  waa  a  little  increased  after  par- 
taking of  abundance  of  proteid.  This  eiperiment  does  not  disprove  the 
assflrtion  of  ^Ii'NK  tliat  the  bood-resaels  form  nearly  the  exclnsivoezit  of  the 
proteids  from  the  ioteetlnal  tract. 

After  a  diet  rich  in  proieida  neither  albomoses  nor  peptone  are  found 
in  the  blood  or  the  chylo.     ^'or  aro  they  present  in  the  urine  ;  and  the 

I  abaence  of  these  bodies  in  tlie  blood  after  digettiioTi  cannot  be  explained  by 
the  statement  that  they,  like  the  peptone  (alhiinioBee)  injected  siibcutane- 
ously  or  directly  into  the  blood,  are  qnickly  eliminated  through  the  kidneys 

'  (PlOsz  and  Oyergyai,  Hofmeisteh,  ScuHinT-MCtuEiM*).  It  might  he 
supposed  that  the  peptone  (albamoses)  formed  in  digestion  aro  retained  by 
the  liver,  and  that  this  is  the  roaBc>n  why  they  are  not  found  in  the  blood. 

'  Nritmri»trr  has  investigated  the  portal  blood  of  rabbits  in  whose  Btomnchs 
large  qnantitiee  of  albnmoses  and  jteptorie  had  been  introduced,  witiiout 
finding  traces  of  tlie  body  in  question.  l^Ie  ha«  also  shown  that  when  we 
supply  the  liver  of  a  dog  with  the  portal-blood  peptone  (ampho-peptone), 
this  is  not  retained  by  the  liver.  Shokb  has  arrived  at  similar  results  in 
regard  to  the  importance  of  the  liver,  and  has  also  eliown  ttiat  the  spleen 
cannot  transform  ])ei)tone.  Peptone  seems  to  pan  neither  into  the  blood 
nor  the  chylona  vessels,  and  the  following  oliservatlon  of  Luowia  and 


f        ■  Schinldt-Mtllhelni.  I>ii  Hots- Reymond'a  Arch.,  IBTS  :  Elloaberger  aod  HofmeUter, 
Aitf..  IWi  :  Ewnkl  niu)  Gumlirh,  Uorltii.  klin.  WiwlienKlir.,  l^ftO. 

•  aciimldt-MDiliHiit.  Dii  Ik>i»  Ro>imniir8  AreU..  1«77;  Mutik  and  RoMostetn.  Vlr* 
chow'a  Arch..  Iki.  123  :  A»cb«t  »ud  Murb^r*.  Ccnlralbl.  f.   Physiol.,  IW.   11.  8.  408; 

I  MuDk.  ifriW..B(l    II.  H.  fi8!I. 

I        *  P)<>flz  and  Oyergj'Al.  PflQ^r's  Arcii..  Bd.  10;   HofnielRler.  ZelUchr.  f.  phTslol. 
Cbem..  Bd.  S  :  SchmiiH-MUlheim,  Du  Buls-Rpymoiid's  Arch..  1880. 
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Salvioli  '  bears  out  this  asfatnption.  These  inreetigators  introdaceil  a 
peptone  Bohition  into  n  ilDcible-ligatnred,  iaolateil  piece  of  the  smaU  iotei- 
tine,  which  waa  kept  alive  by  poseiDg  defibrinaUni  blood  tlirough  it,  and 
observed  that  the  peptone  diBap[>eared  from  the  iDte&tiDe,  but  that  the 
blood  passuig  tliroagh  did  not  contain  any  peptone. 

All  obBervai.ioDB  indicate  that  tlio  albumoses  and  peptone  are  trans- 
formed  in  some  trajria  the  intestine  or  intestinal  vail;  and  as  the  albamoeee 
cart  replnce  other  proteids  in  the  fooij  (see  Chapter  XN'III),  we  most  adtuit 
of  a  tnitisforoiatioii  of  this  into  crdioary  proteid  lit  the  intestine  or  in  the 
inteetltial  wall. 

Certain  investigators,  such  as  v.  Ott,  Nadine  Popoff,  and  .Trtu 
Brin'k,*  are  of  the  opinion  that  the  albuinoaes  and  j)eptone  of  gastric 
digestion  are  transformed  into  seralbamin  before  thej  pass  into  tlie  walls  of 
the  dij^estive  tract.  This  transformation  is  brought  aboot  by  means  of  the 
epitheliiini  eellK,  as  also  by  the  livitig  activity  of  a  fangus  called  by  JuLtA 
BittKCK  mit^rocQccus  rMtthtens.  Xo  positive  proofs  have  been  presented  to 
support  tbis  rlew. 

The  view  tliat  the  tnktisfonnation  of  the  albnmoses  and  peptone  takes 
place  after  they  hare  been  taken  np  by  tbe  macoas  membrane  has  better 
foundation.  The  observations  of  IIofmeisteb,'  according  to  whom  the 
walU  of  the  stonmcli  and  the  intestine  ure  the  only  parts  of  the  body  in 
which  peptone  (albumoeeB)  ocour  constantly  dnring  digestion,  and  also 
that  peptone  (at  the  temperature  of  tbe  body)  after  a  time  disappearo*!  from 
the  excised  bat  apparently  stiil  living  mucoas  coat  of  the  stomach,  coiilimi 
this. 

According  to  IIofueibtek  the  IcncocytoB  of  the  adenoid  tisine.  which 
are  increased  during  digestion,  play  an  important  part.  They  may  take  np 
tbe  peptone  (albcimoses)  and  be  the  means  of  transporting  them  to  tbe 
blood,  and  secondly  by  tlieir  growth,  regeneration,  and  increase  may  stand 
in  close  relationslii})  to  tl:e  transformation  and  assimilation  of  the  peptones. 
IlElDKNfiAiK,  who  considers  that  tbe  transformation  of  peptone  into 
protei<)  in  the  mocons  membrane  is  positively  gettled,  does  not  attribute  so 
great  an  importance  to  these  last  in  the  absorption  of  the  peptones  as 
HuFMKiiiTEK,  cliietly  on  tbe  ground  of  comparative  estimation  of  the  qnao- 
tity  of  at>aorbed  peptones  and  leucocytes.     lie  considers  it  most  probable 


>  Neumeisler,  Sitzuugvber.  d.  pb7S.-ined  Gvsellacli.  zii  Wui7.biirg,  1889.  aiid  ZriUcbr 
r.  Blolo^te,  ltd.  '^4  :  Shore,  Joitm.  of  PUystol.,  Vol.  11  -.  SalvIoU,  Du  Uois- Key  mood's 
Arob..  IlWO.  9upp]. 

•t.  Ott.  Dtt  Hols-Reymouil's  Arch.,  1883;  Popoff,  Zeilaclir.  t.  Blologie.  Bd.  £3; 
Briuck.  ibid..  8.  453. 

■  Zcitscbr.  f.  pliyslol.  Cbem..  Bd.  6,  tod  Arc!),  f.  oxp.  Pktli.  u.  Pbiimi.,  Bdd.  10.  90. 
and  22. 
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tb&t  tbe  recoDTersion  of  the  peptones  into  proteid  takea  place  in  the 
epithelinm  lajers.  This  riuv  is  further  corroborated  by  tbe  inrestigations 
of  Shore.' 

The  extent  of  tbe  proteid  abeorption  is  dependeut  eseentially  npon  the 
kind  of  food  introduced,  aiuoe  aa  a  rule  tlie  protein  Rulidtatices  from  an 
animal  source  aro  much  more  coraplebelj  absorbeil  lliiin  fmm  a  Tegotalite 
sonrce.  As  proof  of  ibis  we  gire  tbe  following  obwrTalionB:  In  his  cxpcri- 
meiita  on  tbe  utilization  of  certain  foocls  in  tbe  inteetinid  canul  of  man 
HvnNBK  found  tlint  with  un  altogether  animal  diet,  on  ]mrtaking  vt  an 
aTerage  of  738-884  grme.  fried  meatur  948  grms.  eggs  per  day,  the  nitrogen 
deficit  with  tbe  excrement  was  only  3. 5-'^. 8^  of  the  total  introduced 
nitrogen.  With  a  strictly  milk  diet  tbe  resiilts  were  somewliat  nnfavorable, 
Bince  after  partaking  of  4100  grnis.  milk  tbe  nitrogen  deficit  increased  to 
12^.  Tbe  cooditiona  are  qnite  different  with  regetable  food,  as  shown  by 
the  experiments  of  Mrvi'.u,  Kubner,  IIi'LTurek  utni  LAKtiEmiKEN,  who 
made  experiments  with  rarjons  kinds  of  rye  bread  and  found  that  the  loss 
of  nitrogen  througli  the  freces  amoanted  to  2^-4S^.  Experinienta  with 
other  regetuble  fodils,  and  also  tbe  investigations  of  SoiicaTKii.  CiiAMfiit, 
Meixert,  Mori,*  aud  others  on  tbe  utilization  of  foods  with  mixed  diets, 
have  led  to  gimilar  reanlts.  With  the  exception  of  rice,  wheat  bread,  and 
certain  very  Gnely  divided  regetalile  foods,  it  is  found  in  genemi  that  the 
nitrogen  deficit  by  tbe  fsoes  increases  with  a  larger  (jnantity  of  vegetable 
material  in  the  food. 

The  reason  for  this  is  manifold.  The  large  qnantity  of  cellulose  frequently 
present  in  vegetable  foods  impedes  the  absorjttion  of  proteido.  The  greater 
irritation  produced  by  the  vegetable  food  itself  or  by  tbe  organic  acids 
formed  in  the  fermentation  in  the  intestinal  canal  canses  a  more  violent 
peristalsis  which  drives  the  contents  of  the  intestine  faster  than  otherwise 
along  the  intestinal  canal.  Another  and  most  important  reason  is  tbe  fact 
that  a  part  of  tbe  vegetable  protein  substances  seems  to  be  indigestible. 

In  speaking  of  tbe  functions  of  tbe  ebomach  we  stated  that  after  the 
removal  or  excision  of  this  organ  an  abundant  diget^tion  anil  ahecrjition  of 
proteids  may  take  place.  It  is  therefore  of  interest  to  learn  bow  the  diges- 
tion and  absorption  of  proteids  go  on  after  the  extirpation  of  the  second 
proteid-digesting  organ,  tbe  pancreas.  In  this  connection  we  have  the 
observations  on  animals  after  complete  or  partial  extirpation  of  tlic  gland 
by  Minkowski  and  Abelmanx,  Sanduetsr,  v.  Uablet,  after  destroying 

'  lU-ideobaiD.  Pflllger'g  Arch.,  Bd.  43;  Shore.  I.e. 

'  Riit)D<-T,  ZuiiBchr.  t.  Blolopic,  Bel.  15  ;  Hoyci-,  Md.,  Hd  7;  HiiUjrreii  iiml  I.jiiiclfT;prwt, 
Nord.  med.  Arch..  Bd.  21  :  SchuMcr.  ip  Voira  ••Uulersmli.  d.  Ko«l."  etu.  S.  148; 
Cramf^r.  Zvit&chr.  f.  physioI.  t^hpiii  .  Bri.  8;  Meiriert,  "  t'eber  Massennftlirung,"  Berlin, 
1882  ;  KcUocr  niid  Mori.  ZeiUchr.  f.  Biologic.  Bd.  20. 
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the  gland  by-  Bossnberg,  and  also  in  mao  after  closing  the  jiancreatic  duet 
by  IIahlet,  DECcUEit.'  In  all  these  different  cases  snch  diacrepant  figiirw 
luive  been  obtfliued  for  Uie  utilization  of  tlieproteiil-s — between  SOft,  after  the 
apparently  complete  exdiision  of  pmicreatic  juice  in  man  (Dbuciieb).  and 
1S<  after  extirpation  of  the  gland  in  dogs  (nAULEY) — that  we  can  hardly 
draw  any  clear  conception  aa  to  the  extent  and  importauce  of  the  trypsin 
digestion  in  tha  intestine. 

The  carbohydrates  are,  it  seems,  chiefly  absorbed  aa  monosaooharideB. 
GlucoM,  Iffivnlose,  and  galactose  are  probably  absorbed  as  snch.  The  tiro 
disaocfaarides,  cane-sugar  and  maltose,  ordinarily  undergo  an  inrervioQ  ia 
the  intestinal  tract  and  are  converted  into  glucose  and  Ixvnlose.  Lactose 
is  also,  at  least  iu  certain  animals,  inverted  in  the  intestlDe.  Lactose, 
according  to  VoiT  and  Lusk,'  ia  not  inverted  in  rabbits,  and  is  mainly 
absorbed  as  snch  in  these  animala,  apart  undergoing  lactic-acid  fermenta- 
tion. An  absorption  of  non-inverted  airbohydratcs  is  not  improbable,  and 
Acoordiog  to  Otto  and  t.  Mekikq*  the  portal  blood  contains  besides 
dextrose  a  dextrin-like  carbohydrate  after  a  carbohydrate  diet.  A  pure  of 
the  carbohydrates  is  destroyed  by  fermentation  in  th%  intestine,  with  the 
formation  of  tactic  and  acetic  acids. 

The  ditTerejit  varietioa  of  sngars  are  absorbed  with  varying  d^recs  of 
T&pidity,  bat  as  a  general  thing  absorption  m?curs  very  (piickly.  Witli 
experiments  on  dogs  Alblktom*  fonnd  on  introducing  100  grms.  of  the 
sugar  that  ilnririg  the  first  lioiir  there  wore  absorbed  60  grnis.  dextrose, 
7Q-80  grms.  maltose  and  cane-sugar,  and  only  '-IO-40  grms.  lactose.  lie 
finds  that  lactose  ia  relatively  more  readily  absorbed  from  dilato  solutions 
than  from  concentrated  ones. 

On  the  introd action  of  starch  even  in  very  considerable  q nan titiee  into 
the  intestinal  tract  no  dextrose  passes  into  the  urine,  which  probably 
depends  in  this  case  npon  the  AbBDr])tiou  and  assimilation  and  the  slow 
saccharification  taking  place  simultaneously.  If,  on  the  contrary,  large 
quantities  of  sugar  are  introduced  at  one  time,  then  an  elimination  of  sugar 
by  the  urine  takes  place,  and  this  elimination  of  sugar  is  called  alimentarv 
glycosuria.  In  these  cases  the  osimilution  of  the  sugar  and  the  absori>- 
tion  do  not  occnr  at  the  same  time,  hence  the  liver  and  the  remaining 
or^ns  do  not  hnvo  the  necessary  time  to  Hx  and  utilize  the  sagar.  This 
glycosuria  may  also  in  part  he  due  to  tlio  fact  that  the  introduction  of  con- 


'  Abelraani],  "  Ucber  diti  AuaiiDliuag  ilcr  Null iiingiisl off o  oacli  PBRkrcuscxsUrpa* 
tlon  "  |l»aug.-Dis»ert,  Dorpal.  1890),  cited  Trora  Mnly'H  Jnliresber.,  B<).  39  :  Sandmcrrr, 
ZeiWclir.  f.  Biologic,  Bil.  31  ;  KnRcnberg,  PflUger's  Arcli..  Bit.  70;  Hurley,  Joiiru  .»( 
Pathol,  aud  Biicieifol..  18B5  ;  Deuclier.  Corre«|>oDd.  Blsit.  f.  Sctiwelx.  Aerak*,  B«l.  58. 

■  Zeluichr.  r.  BIolnglL*.  Btl    28. 

*  Otto,  sn:  Muly's  JalireBber.,  Bil.  IT  ;  v.  Meriug,  Dn  BoiB-Keyriond'ft  Arvli.,  IffTT, 

*  Mnnlire  do  ac  cotnpiirtor  des  oucrts,  olc.  Arch.  Ital.  de  BEol. ,  Tome  15. 


fiideroble  qnantitiea  of  Ragar  forces  the  sugar  in  absorption  not  only  in  tha 
ordinary  way  through  the  blood-veBsels  to  the  liver  (see  l>elow).  bat  also  in 
|urt  hy  passing  into  the  blood  circulation  thruugb  the  lymphatic  veeaels, 
cTailliig  the  liver. 

That  qnantitj  of  sugar  to  wliicU  we  must  raise  the  sugar  partaken  of  to 
produce  an  alimentary  glycosuria  gives,  acconilng  to  IIofsieistkh,'  the 
axsimOaiion  limit  for  that  suine  sugar.  Tliis  limit  is  dilTereat  for  various 
kinds  of  sugar;  and  it  also  Tarie<s  for  the  same  sugar  not  only  in  different 
animils,  but  also  for  different  members  of  the  same  species,  as  alw  for  the 
same  individual  under  different  circumstances.  In  general  we  can  Bay  that 
in  regard  to  the  ordinary  varieties  of  sugar,  such  as  dextroee,  Ia*Yu1o6e» 
cane-sagar,  maltose,  and  lactose,  the  assimilation  limit  is  highest  for 
dextrose  and  lowest  for  lactose.  Wc  must  admit  that  with  an  overabundant 
quantity  of  sugars  in  the  intestinal  tract  the  disaccharides  do  not  have 
sufficient  time  for  their  complete  inversion;  hence  it  is  not  remarkable  that 
disaccharides  have  l>een  found  in  the  urine  in  cat^esof  alimentary  glycosuria.' 

From  the  i n vet; tigat ions  of  Lirfwid  nud  v.  ?hlKRiya  and  others  we  learn 
how  the  sugars  pass  into  the  blood-stream,  namely,  that  they  as  well  as 
bodies  soluble  in  wat«r  do  not  ordinarily  pass  over  into  the  chylous  vessels 
in  measurable  quantities,  but  are  in  greatest  part  taken  np  by  the  blond  in 
the  capillaries  of  the  villi  and  in  thia  way  pass  into  the  mass  of  the  blood. 
These  investigations  have  been  confirmed  by  observations  of  I.  Ml'KK  and 
RosENsTKix  '  on  hnpian  beings. 

The  reason  why  the  sugar  and  other  soluble  bodies  do  not  pass  orer  into 
the  chylous  vessels  in  appreciable  quantity  is,  according  to  Ueidenhain,* 
to  1>e  found  in  Oie  anatomical  conditions,  in  the  arraiigoment  of  the  capil- 
laries close  nnder  the  layer  of  epithoHnm.  Ordinarily  thceo  capillaries  find 
the  necessary  time  for  the  taking  np  of  the  water  and  tlio  solids  dissolved 
in  it.  But  when  a  lai^e  quantity  of  liqnid,  such  as  a  sugar  solution,  is 
introduced  into  the  lutestiue  at  once,  this  is  not  posBible,  and  in  these  eiises 
■  part  of  the  dissolved  bodies  passe;;  into  the  chylous  vessels  and  the  thoracic 
dnct  (GiN&RERo  and  FCOhmann'). 

The  introduction  of  larger  quantities  of  sugar  into  the  intestine  at  one 
time  can  readily  canse  a  disturbance  with  diarrha>al  evacuations  of  the 
intestine.  If  tbo  carbohydrate  is  iutrodtu-ed  in  the  form  of  starch,  then 
Tery  large  quantities  may  be  absorbed  without  causing  any  disturbance,  and 

'  Arrh.  f.  cxp.  Palh.  ii.  Pbarm.,  Bdtl.  •iHiwA  28. 

■  For  the  Ikoralurc  In  rt^gnid  lu  the  posaage  of  vnrlous  kitxla  of  su^rs  tcito  ibe  urine 
see  C.  Voit,  L'eU^r  die  Olykogeabtliiimg,  Zvitsolit.  f.  Bloln^e,  Bii.  S8,  and  V.  Volt,  foot 
ootcS.  pag«  310- 

*  ▼.  Merhig.  Dn  RoUIteymnnd'*  Arcli.,  1877;  Hunk  sod  KomobUIs,  1.  C 

*  PllQiifr's  Arcb..  Bd.  43.  Suppl. 

*  QiDotperg,  Paoger's  Arcki,,  Bd.  44 :  RObmauu.  Qnd..  Bd.  41. 
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the  abeorptioa  maybe  Terj  complete.  Rcbner  found  the  folloving:  On 
partakiug  60ti-'>70  grms.  carbolijd rates,  as  wheat  bread,  per  day  the  part  not 
abttorbed  umouuted  to  only  O.H-'i.Gf.  For  pens,  wliere  357-588  grms.  were 
eaten,  the  loas  was  3.6-7<(,  and  for  jiotatoes  (718  grms.)  7.6^.  Gokstax- 
TiNJUi  found  on  partiiking  307-380  grms.  carbohydrates,  chiefly  as  potatoes, 
a  low  of  only  0.4-O.7,*.  lu  the  experiments  of  Ribneb,  as  also  of 
HuLTORBK  and  LAyoERimEK,'  with  rye  bread  the  utilizatiou  of  carbo- 
hydrates was  less  complete,  although  the  loss  in  a  few  cases  roae  even  to 
10.-l-10.^''i!.  It  M  least  follows  from  the  cxperimeuta  made  thna  far  that 
man  can.  absorb  more  than  500  grms.  carbohydrates  per  diem  without 
dlfficQlty. 

Wo  generally  consider  the  pancreas  as  the  moat  important  organ  lu  ttie 
digestion  and  absorption  of  amylaceous  bodies,  and  it  is  a  qnestion  how 
the^o  bodies  are  absorbed  after  the  extirpation  of  the  pancreas.  As  ou  tfae 
absorption  of  proteids,  &o  also  on  the  absorpliou  of  starch  the  obserrationt 
have  giren  variable  roeults.  In  certain  cases  the  absorption  was  nearly 
^^7,  while  in  others  it  was,  on  the  coiitrar}*,  rather  impaired,  and  with 
dogs  devoid  of  pacicreas  it  bus  been  found  that  the  starch  partaken  waa 
decreased  50;<  (KosKSBEBt),  Cavazzani  '). 

Emulsilicati'On  seems  to  be  of  tbe  greatest  importance  in  the  absorption 
of  fats,  and  this  emulsion  occtirs  in  the  chyle  on  the  introduction  into  the 
intestine  o£  not  ouly  neutral  fats,  but  also  of  fatty  acids.  The  fatty  acWs 
do  not  exist  as  fiiich  in  the  emiilt^itied  fat  of  tbe  chyle.  The  inveetigations 
of  I.  .MrxK,  later  confirmed  by  others,'  have  shown  that  the  fatty  acids 
undergo  in  great  part  a  eynthesis  iuto  neutral  fats  in  the  walls  of  the  iute8> 
tine,  and  carried  aa  such  by  the  stream  of  chyle  into  the  blood. 

The  assumption  that  the  fat  is  absorbed  chiefly  as  an  emulsion  is  partly 
based  on  tbe  abundance  of  emulsifieit  fat  in  the  chyle  after  feeding  wiib  f»i, 
and  partly  on  the  fact  that  a  fat  eniuhinn  is  often  found  in  t!ie  inleetino 
after  such  food.  As  an  abundant  cleavii^  of  nentral  fats  occnrs  in  tlic 
intestinal  canal,  ami  also  as  the  fatty  acids  do  not  occnr  in  thocbyte  as  sooh, 
but  as  emtil.iiQed  fat  after  a  eynthoais  with  glycerin  into  neutral  fats,  it  ij 
to  be  doubteil  whether  the  emntsifled  fat  of  the  chyle  originates  from  an 
absorption  of  emulsified  fat  in  the  intestine  or  from  a  subsequent  emnlsill- 
cation  of  neutral  fats  formed  synthetically.  This  doubt  has  greater 
warrant  in  that  Fkakk  '  has  shown  that  the  fatty  acid  ethyl  ester  is  abun- 


■  Riilmcr,  Zi'ilBclir.  f.  Biulufrie.  Bdd.  ]5  nad  19;  ComtitDthildi.  ibid..  Bd.  33  ;  Bult- 
greu  aud  Loodcrgrvu.  I.  c. 

■  CaTrnzziioi,  CeDirmlhl.  f.  Physiol.,  Bd.  7.     Sco  itlso  foot  note  1,  paga  908. 

■  Munk.  Vlrchow's  Arcb..  Bd.  80.  Sen  also  v.  Wnlilier.  Du  IloIft-ReymoDd't  AttlL, 
1S90 :  Mlokowskl.  ArcLi.  f.  exp.  P«tb,  u.  Fluttiu.,  Bit.  St  i  Fnuk,  ZelUclir.  f.  Blolucie. 
Bd.  80. 

«  Zellachr.  t.  Blologle,  BrI.  SO. 
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dantly  taken  np  by  tlie  cbyle  from  the  intestine,  not  as  Bneh,  bnt  na  split-ofl 
fattj  acids  from  which  thea  the  ceittrul  emulsified  fats  of  the  oIitIc  are 
fonned, 

Tlio  assnmption  of  an  absorption  of  the  fats  as  an  emulsion  contra<Iict2 
the  fact  as  above  stated,  page  3!13,  that  oti  emulsion  produced  1»_t  means  of 
•oapa  is  oqIj  permanent  in  an  alkaline  liquid  and  therefore  it  is  hardly 
poctible  for  such  an  emulsion  to  form  in  the  intestine  as  long  as  it  is  acid. 
It  is  nerertheless  po-sible  that  the  pancreatic  juice  by  means  of  the  j>roteid 
it  contains  may  have  an  emnlsifying;  action  even  in  an  arid  reaction 
(Kdhse*);  on  the  other  hand  we  know  of  caws  (Lunwio  and  Cash*  and 
others)  (in  dogs  after  partaking  food  rich  in  fnl)  in  wliioh  au  absorption  of 
fat  took  place  from  the  acid  intestinal  contents  despite  the  absence  of  an 
etnnlsion  in  the  inteatinr  In  order  to  explain  such  a  case  it  has  been  as- 
gtinied  that  the  fni  nisi  float  ion  took  place  first  on  the  sarface  of  the  intesti- 
nal mucosa  by  the  action  of  its  alkaline  secretion.  Moore  and  Ko<-kwood  * 
give  another  explanation.  According  to  them,  the  absorption  of  fat  from  the 
acid  intestinal  contents  is  essentially  due  to  t\w  solvent  action  of  the  bile 
for  free  fatty  acids.  The  neutnd  fats  are  Kflit  and  the  free  fatty  acids  are 
in  part  absorbed,  dissolred  as  such  by  the  bile,  and  in  part  combined  with 
alkalies,  forming  soaps.  Neutral  fata  are  regenerated  from  the  fatty  acids, 
and  the  alkali  net  free  from  the  soaps  is  secreted  back  again  into  the  iutes- 
tine  and  used  for  the  re-formation  of  soaps.  This  view,  which  stands 
in  accord  with  several  observations,  is  worthy  of  the  greatest  consideration. 
At  all  events  it  is  certain  that  the  greatest  part  of  the  fats— acronliiig  to 
certain  investigators  all  nentnd  fats — is  split  in  the  intestine,  and  also  that 
the  formation  of  soaps  is  one  form  of  the  absorption  of  the  fats. 

The  next  ijiici^tion  i«  whether  all  the  fat  or  the  greuter  part  of  the  same 
paseea  to  the  hloofi  throngh  the  lymphatics  and  the  thoracic  duct.  Accord* 
log  to  the  researches  of  Waltheii  and  Fhask  *  on  dogg,  it  seems  that  only 
a  amall  part  of  the  fata,  or  at  least  of  the  fatty  acids,  fed,  passes  into  the 
chylous  vessels;  bnt  these  observations  can  hardly  be  applied  to  the  absorp- 
tion of  nentrnl  fats,  or  to  the  ■b8or]>tion  in  man  under  normal  circumstances. 
Mink  and  Rosicsstkin  *  in  their  investigations  on  a  girl  with  lymph  llstnia 
fonnd  TiOf  of  the  fat  partaken  of  in  the  chyle,  and  of  the  total  quantity  of 
fat  in  the  chyle  only  4-.')^  existed  na  soaps.  On  feeding  with  a  foreign 
fatty  acid,  such  as  erucio  acid,  they  found  Z7^  of  the  introdnoed  body  u 
neutral  fat  in  the  chyle. 

The  completeness  with  which  fats  are  absorbed  depends,  nnder  normal 

<  Lcbrlmcli  d.  phyfllo).  Cbeiii..  9.  123. 

*  Vi  Bois-Rey  mo  lid's  Arch..  1680. 
'  Jmirn.  of  Physio!..  Vol.  SI. 

*  Walllier,  I.  c;  Prank,  Du  Bols-Rcy mood's  Arcb..  1888. 

*  VircboWsArcb..B(I.  188. 
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conditions,  csioutiaU;  upon  tho  kiud  of  £ai.  In  tliis  regard  we  koov, 
especially  from  the  investigBtiona  of  Mlnk  sud  AusstniNR,'  that  th« 
Turit^ltiis  of  fat  H'ith  high  melting-points,  SQch  as  nitittoii  tullow  and 
especially  stearin,  are  not  eo  completely  absorbed  as  the  fats  with  low  inelt- 
iag-poinc.3,  such  as  liog-  and  guutie-riit,  oUre-ail,  etc.  The  kind  of  fat  also 
has  uu  inllaenco  npou  the  rapidity  of  nhsorption,  as  Ml"nk  and  Rosexstein 
fonud  that  solid  mntton-fat  was  absorlwd  more  sloirly  than  6uid  lipanin. 
The  extent  of  absorption  in  the  iuteatiiial  tract  is,  nader  physiolo^cal  coa- 
ditions,  very  coiisidorubLo.  Iti  u  caso  of  ndog  investigateil  by  Voix  ho  foand 
that  out  of  3-'>i)  gruis.  of  fat  (Latter)  partaken,  34G  gnus,  vere  absorbed  in 
the  intestinal  catiui,  and  according  to  the  iDTestigatious  of  ItuBXER*  the 
hnmun  intestine  can  absorb  over  'MO  gnns.  fat  per  diem.  The  faw  a», 
according  to  lluiixmi,  nmch  more  completely  absorbed  irben  free,  in  the 
form  of  bntter  or  lard,  than  wbeu  enclosed  in  the  cell-mem branea,  as  in 
bucon. 

Clavpb  BERyARD  showed  long  ago  vith  exporimenta  on  rabbits  in 
which  the  cboledochas  duct  was  iutrodnced  in  the  smtdl  inteetiue  above  the 
pancreatic  duct,  that  after  food  rich  in  fats  the  cbylong  vessels  of  the  intes- 
tine above  the  pancreas  passages  were  transparent,  while  below  they  were 
milk-white,  and  also  tliat  the  bile  can  prodnce  an  absorption  of  the  emolsi- 
fied  fat  without  the  pancreatic  juice.  Dasteir'  has  performed  the  rereiiB 
experiment  on  dogs,  itaiitely,  he  ti&d  the  choledochus  dnct  and  adjusted  a 
biliary  H^tnla  so  that  the  bile  flowed  into  the  intestine  below  the  montli  of 
the  pancreatic  passages.  On  killing  the  aoiinal  after  a  meal  rich  in  fat  the 
chylous  vessels  were  first  found  milk-white  below  the  discharge  of  the  biliary 
fifilnla.  From  this  Dasthc  draws  the  conclnsion  that  a  combined  action 
of  the  bile  and  pancreatic  juice  is  important  In  the  absorption  of  fats— a 
oonclasion  which  stands  in  good  accord  wtih  the  experience  of  many  others. 

Through  numerous  observatioiiH  of  many  investigators,  such  as  Biodkb 
.and  Schmidt,  Voit,  ItuuJdAXX,  Fk.  MCllek.  I.  JIlxk,'  and  others,  it  li«j 
been  shown  that  the  exclusion  of  the  bile  from  the  iatostinal  tract  diminialq^^| 
the  absorption  of  fat  to  such  an  extent  thut  only  \  to  about  }  of  tn^^^ 
qnaiiUty  of  fat  ordinarily  absorbed  undergoes  absorption.  In  icterus  with 
entire  exclnsion  of  tiie  bile  a  considerable  decrease  in  ttie  absorption  of  fat 
is  noticed.  As  under  normal  conditions,  so  also  in  the  absence  of  bile  in 
the  intestine  the  more  readily  melting  parts  of  the  fats  are  more  completely 
absorbed  than  those  which  have  a  high  melting- point.  I.  Mi'Kk  found  in 
his  experiments  with  lard  and  mnttou  tallow  on  dogs  that  the  absorption  of 

<  Slunk,  Viix'iiow'q  Arch..  Rilil,  SO  sntl  SQ  ;  Arnaclimk.  Zvitachr.  f.  Bblogle.  Bil.  20. 
»Vo^^  {bid..  B.I.  9;  Ituhner.  iW.,  Bd.  15. 
»  Arch,  de  Pliy»lol.  (5).  Twme  2. 

*F.  MUlkr,  Silziiugsber  Oo  pbys.-niec].  GeseUicta.  xu  WQrtburg,  1885;  I.  Munk, 
Vircbow's  Arch.,  Bd.  133.     Sen  also  footnote  4.  pogo  i9S,  aud  fuol-aot«  I.  page  3S0. 
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the  high  melting  tallow  vta  rednced  twice  as  mach  aa  the  lard  on  the 
exclusion  of  tlio  hile  from  the  intestine. 

We  also  learn  from  the  investigations  of  Kuiiuan.v  and  I.  Mukr  that 
in  the  absence  of  bile  the  rclationabip  between  fatty  acids  and  neutral  fata 
is  changed,  namely,  about  SO-DO<  of  the  fat  existing  in  the  fa^cea  consists 
of  fatty  acid,  while  nnder  normal  conditions  the  faiccs  contain  I  part 
neutral  fat  to  abont  2-'i^  parts  free  fatty  acids.  We  cannot  positively  state 
how  this  relatively  increased  qnantity  of  fatty  at-ida  in  the  fat  of  the  foKws 
is  produced  on  the  exctiiMon  of  the  bile  from  the  intostine.  According  to 
the  investigations  of  JIlkk  it  does  not  in  the  least  depend  upon  the  fact 
that  the  fatty  acids  are  less  readily  absorbed  than  the  neutnU  fats,  for  just 
the  reverse  is  the  cafio. 

There  is  no  donbt  that  tlie  bile  is  of  great  importance  in  the  absorption 
of  fats.  Still  there  is  also  uo  doubt  that  ratlier  coneidenible  •{Uautitles  of 
fat  may  be  absorbed  from  the  intestine  in  thcaWnceof  bilu.  Wtiut  reliitioti 
does  the  pancreatic  juice  bear  to  this  questiou  ? 

Upon  this  point  a  rather  large  nnmber  of  observations  on  animals  have 
been  made  by  Abklmaxx  and  Mixkowski,  Sandmeyer,  TIaki-EY,  Kosek- 
BEBO,  IIedox  and  Vhj-k,  and  also  on  man  by  1'b.  MCller  and  Deicher.' 
In  all  these  investigations  a  more  or  lew  diminitihed  aWrption  of  fat 
was  observed  after  the  extirpation  or  destruction  of  the  gland,  or  the 
exclusion  of  the  jnice  from  the  intestine.  Tlie  results  are  very  diverse  na 
to  the  extent  of  this  dlminntion,  as  in  certain  cases  no  absorption  of  fat  was 
observed,  while,  on  the  contrary,  a  considcmble  absorption  was  iioteil  in 
the  same  class  of  animal  (dog)  and  even  in  the  same  animal.  According 
to  3IiNK0wsK[  and  Aui^luann,  after  the  total  extirpation  of  the  pancreaa 
the  fat  of  the  food  iiitroilticed  is  not  abaorlwd  at  all,  with  the  exception  of 
milk,  of  which  28-5.1^  of  its  fat  is  absorbed.  Other  inrestigatorB  have 
obtained  other  results,  and  H.kkuuy  has  observed  a  case  where  in  a  dog  an 
absorption  of  only  4)6  of  the  milk-fat,  or,  on  the  complete  exchiaion  of  in- 
testinal bacteria,  even  no  Absorption,  took  place.  The  conditions  may  1>e 
somewhat  different  in  the  different  cases;  but  it  is  certain  that  the  absence 
of  pflQcreatic  juice  from  the  intestine  essentially  afTocta  the  fat  absorption. 
It  h  abo  just  afl  rerti<in  that  the  abi'orjitidn  of  fat  is  most  abundant  in  the 
aimnltaneoas  presence  of  bile  as  well  as  pancreatic  jnice  in  the  intestine. 
A  little  fat  may  still  bo  absorbed  even  in  the  absence  of  these  two  fluids 
(H^uoN  and  Ville).  Ci'KNiSfinASi  *  baa  given  farther  proof  that  a  slight 
■baorptton  of  fat  takes  place  (even  when  introduced  as  oil  and  not  as  milk) 

'  Mntler.  "irmer.  tlbcr  lien  Iderns,"  Ze[I»chr.  f.  klin.  Med.,  Bd.  12;  HWoii  tod 
Ville,  Arcb.  tie  Pbysiol.  46).  Tutn«  K ;  Ilniley.  Jouru.  of  Pbj-siol.,  Vol.  18.  Joum.  of 
Pklhol.  and  Bncteriol.,  180!!,  nnd  Proceed.  Ilojr.  6oc.,  Vol.  61.  lu  regard  to  ibc  otlter 
ftULbora  mx  foot-iiole  1,  png«  309. 

»  Journ.  of  PUy«iol..  Vol.  38, 
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on  the  complete  ezcloaion  of  the  hile  as  well  as  the  pancreatic  jnice  fron 
the  iDtestiiie. 

The  reoBoa  why  the  fat  absorption  is  diminished  in  the  abeonoe  of  bile 
or  pancreatic  jnice  from  the  intestine  ia  not  clear.  The  most  ordinarr 
TJew  is,  that  to  form  an  emulsion  of  tlio  fat  a  part  of  the  same  mnst  be  split 
h)-  the  action  of  the  pancreatic  juice,  and  that  this  action  i&  acoelenited  bj 
the  bile.  It  ninst  also  be  adcleil  that  the  bile  is  a  good  solvent  for  the  fatty 
acids  set  free.  Tlie  reason  for  ttie  imperfect  absorption  of  fat  is  not  to  be 
sought  in  the  diminished  cleavage  of  neutraJ  fata,  ad  the  non-abeorbed  fat  of 
the  fxcee  consists,  on  the  exclusion  cS  bile  and  pancreatic  jnice  (Mcnkovke:! 
and  AiiKLMAXK,  IIarlev,  IIehox  and  Viu-K,  Dkitiikh),  chieily  of  free 
itkliy  acids.  A  still  unknown  change  cansed  by  micro-organisms  or  other- 
wise may  produce  a  cleavage  of  the  fut  in  these  cases.  The  imperfect  fat 
Absorption  after  the  extirpation  of  the  pancreas  can  possibly  bo  explained 
by  the  removal  of  a  considerable  part  of  the  alkalies  necessary  for  the 
formation  of  the  emulsion  and  for  the  solution  of  the  fatty  acids,  bnt  at 
Sandmevku  found  in  pancreasless  dogs  that  the  fat  absorption  was  ntised 
1>y  giving  choppod  pancreas  with  the  fat,  this  can  Imrdly  he  a  snfficieot 
explanation.  It  baa  also  been  assumed  that  it  is  chiefly  the  proteids  in  the 
pancreatic  juice  which  cause  the  einulsificatiou,  and  that  the  diminished  fat 
absorption  after  extirpation  of  the  pancreas  is  explainer)  in  this  wav.  The 
reasons  snggested  are  nevertheless  insuflicient,  but  we  must  not  forget  the 
fact  that  an  abundant  absorption  of  fat  Is  also  possible  in  the  absence  of  an 
emnlsiQu  tu  the  intestine. 

Harlet'  has  performed  a  partial  extirpation  of  the  large  intestine,  and 
also  a  total  extirpation.  The  total  exiirpacion  caased  a  considerable 
increase  in  the  freces,  chiefly  because  of  a  fivefold  increase  of  water.  VvA 
and  carbohydrates  were  normally  absorbed.  The  absorption  of  proteids,  od 
the  contrary,  was  considerably  decreased  to  only  Si^,  as  comjuared  witli 
93-H8;<  in  nomial  dogs.  In  the  fieces,  after  extirpation,  no  urobilin  or  only 
traces  were  found,  while  the  bile-pigments  existed  to  a  great  extent. 

The  soluble  salts  are  also  absorbed  with  the  water.     The  proteids,  whicia 
can  dissolve  a  considerable  quantity  of  salts,  such  as  earthy  phospba 
which  are  otherwise  insoluble  in  alkaline  water,  are  of  great  imjtortance  i 
the  absorption  of  such  salts. 

The  soluble  constituents  of  the  digestive  secretions  may,  like  other  dis"~* 
■olvel  bodies,  l>e  absorbed,  as  is  demonstrateil  by  the  passage  of  peptonv^* 
into  urine;  the  enzymes  may  also  be  abswrbed.  The  occnrrence  of  urobilin*^ 
in  nrlne  attests  the  absorption  of  the  bile-constituents  under  physiological^^ 
conditions  despite  the  fact  that  the  occurrence  of  very  sniutt  traces  o 
bile-acids  in  the  nrine  is  dlspnted.     The  absorption  of  bile-acids  by  thi 
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intmtJDe  seems  to  be  positivelj  prored  by  other  obeeirfttiocs.  Tap- 
PBiiCBRi  iiitr(Klnce<l  a  eolnbion  of  bile-salU  of  a  known  concentrfttion  into 
an  iuteatinal  kuot,  and  after  a  time  iDrestigated  tbe  conteata.  He  found 
that  in  the  jejnnani  and  the  Uenm,  but  not  in  the  duodenam,  an  absorption 
of  bile-acids  took  place,  mid  further  that  of  the  two  bile-ucids  onlv  th« 
glycocholic  acid  was  abeorhcd  in  tlie  jejnnuni.  Further,  S<:hiff  long  ago 
expressed  the  opinion  that  bile  nndcrpoes  an  intermediate  circnlation,  in 
sach  wigo  thai  it  is  absorbal  from  the  intestine,  tlien  carried  to  the  liver  bj 
the  blood,  and  laetlj  eliminated  from  the  blood  b}*  tltis  organ.  Ailhongh 
this  Tiew  hiu  met  with  some  opposition,  [still  its  correctness  seems  to  be 
estublifthed  by  tho  researches  of  Torious  invcstigiitore,  and  more  rectntlj  by 
Pkevost  and  BiNtT,  as  also  and  epecially  by  Stahelmann'  and  his  pupils.' 
After  the  introduction  of  foreifrn  bile  into  the  intestine  of  an  animal  the 
foreign  bile-acids  appear  again  in  Die  secreted  bile. 

Little  is  known  concemiug  the  forces  taking  pari  En  absorption. 
Oaroosis  and  tiUration  were  formerly  considered  as  the  most  important 
factors.  Later  we  have  become  more  and  more  inclined  to  IIopi'E-StVLER's* 
Tiewa,  namely,  that  absorption  is  in  great  part  a  process  connected  with 
the  Tttal  properties  of  the  cells.  This  view  has  been  strongly  emphasized 
by  IIeideniuin,  based  eBpecially  on  his  own  obnervationn,  but  iJso  on  those 
of  his  pupils.'  According  to  TlEiPENiTArx  a  sfiecial  physiological  motive 
force  exists  ju  the  cells  besides  which,  under  certain  circumstances  osmosis 
may  act,  but  whicli,  under  other  circnmstances,  may  bring  about  an  ab- 
sorption with  the  complete  exclusion  of  oAmosin.  It  would  lead  na  too  far 
to  go  dee]>er  into  this  subject.  Tii  regard  to  tlie^  <{neations  we  must  refer 
the  reader  to  the  special  works  and  to  text-books  on  physiology. 

■  Wieu.  SilzuDgtber..  Bd.  77. 

■ScliilT,  P(lCg<-r8  Arrh,,  Bd.  S:  Prevost  tod  Bloet.  Compt.  reod.,  Tomo.  lOS; 
clmauu.  K-e  fout-uole  2.  page  Vii. 

•PIlTdol    Cl.pm.    8.848. 

*  IleidenUsin.  PHOgcr'B  Arcli..  Bdd.  43  and  4S  :  wllh  liU  pupils:  ROtimaoD.  ibid., 
Bd.  41  ;  Guruilcwski,  ibid..  Bd.  89.  Bee  itlao  HnEiitiMrgcr,  Du  boii-lleymoDa'a  Arcb., 
IdMv  and  O.  C'obntielin,  ZelUclir.  t.  Btologle,  Bd.  96. 
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CHAPTER  X. 
TISSUES  OF  THE  CONNECTIVE  SUBSTANCE. 

I.  The  Connective  Tissues. 

The  form-elements  of  the  typical  connectiTe  tissues  are  cells  of  Tarions 
kinds,  of  a  not  very  well  known  chemical  composition,  and  gelatin-yielding 
fibrils,  which,  like  the  cells,  are  imbedded  in  an  interstitial  or  intracellular 
substance.  The  fibrils  consist  of  collagen.  The  interstitial  substance  con- 
tains chiefiy  mucin  besides  sergloiulin  and  seralbumin,  which  occur  in  the 
parenchymatous  fluid  (Loebisch  '). 

The  connective  tissue  also  often  contains  fibres  or  formations  consisting 
of  elastin,  sometimes  in  such  great  quantities  that  the  connective  tissue 

is  transformed  into  elastic  tissue.     A  third  variety  of  fibres,  the  reticular 

fibres,  also  occur,  and  according  to  Siegfried  these  consist  of  rttieulin. 

If  finely  divided  tendons  are  extracted  in  cold  water,  the  albnminouK^=^ 
bodies  soluble  in  the  nutritive  fluid  in  addition  to  a  little  mucin  are  dissolved. 
If  the  residue  is  extracted  with  half-saturated  lime-water,  then  the  mucin  is-  "= 

dissolved  and  may  be  precipitated  from  the  filtered  extract  by  saturating 

with  acetic  acid.     The  digested  residue  contains  the  fibrils  of  the  connective     ^ 
tissue  together  with  tlie  cells  and  the  elastic  substance. 

The  fibrils  of  the  connective  tissue  are  elastic  and  swell  slightly  in  water. 
somewhat  more  in  dilute  alkalies  or  in  acetic  acid.  On  the  other  hand, 
they  shrink  by  the  action  of  certain  metallic  salts,  such  as  ferrous  sulphate  "^ 
or  mercuric  chloride,  and  tannic  acid,  which  forms  an  insoluble  combination  -^ 
with  the  collagen.  Among  these  combinations,  which  prevent  putrefaction  ■* 
of  the  collagen,  that  with  tannic  acid  has  been  found  of  the  greatest  techni-  "^ 
cal  importance  in  the  preparation  of  leather.  In  regard  to  tendon  mucin  -* 
see  page  45,  and  in  regard  to  collagen,  gelatin,  elastin,  and  reticulin,  pages  ' 
63-58. 

The  tissues  described  under  the  names  mucous  or  gelatinous  tissues  are      * 
characterized  more  by  their  physical  than  their  chemical  properties  and  have       "* 
been  but  little  studied.     So  much,  however,  is  known,  that  the  mucous  or       " 
gelatinous  tissues  contain,  at  least  in  certain  cases,  as  in  the  acalephs,  no 
mucin. 

'Zeftscbr.  f.  physlol.  Chem.,  Bd.  10. 
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The  'umbilical  cord  is  the  moet  accessible  niateriftl  for  the  LUTMtigation 
of  the  chomical  conatitnents  of  the  gelatiiioua  tissues.  The  mucin  occurring 
therein  has  been  dt^'scribeil  on  page  45.  C.  Th.  Mdrxer  '  iius  found  a 
mucoid  in  the  Titreona  humor  which  containB  12.27.<  nitrogen  and  \-\^% 
inlphnr. 

Young  coimectivo  tiesue  ie  richer  in  mucin  than  old,  HALLinrBTOK' 
found  an  arerage  of  7.36  p.m.  mucin  iu  the  akin  of  very  young  children 
and  only  3.S5  p.m.  in  the  skin  of  adults.  In  so-called  myxo^ema,  in 
which  a  reformation  of  the  connective  tissue  of  the  skin  takes  place,  the 
quantity  of  mucin  is  also  increased. 

II.  Cartilng;e. 

Cartilaginous  tissue  oonsiets  of  cells  and  an  originally  hyaline  matrii, 
which,  however,  may  become  changed  in  sncb  wise  chat  there  appears  in  it  a 
network  of  clastic  Qbres  or  coimcctive-tissiie  fibrils. 

Those  cells  that  olTer  greut  r(.-si(ttnnca  to  tlie  action  of  alkalies  and 
acids  hare  not  beeii  carefully  studied.  According  to  former  riews,  the 
matrix  was  considered  as  consisting  of  a  body  uniUogous  to  collagen,  so- 
called  diondriffen.  The  recent  iuvestigiitions  of  Mohoceowbtz  and  others, 
but  especially  those  of  C.  Tu.  MCikkeb,*  have  shown  that  the  matrix 
of  the  cartilage  consists  of  a  mixtnre  of  collagen  with  other  bodiof*. 

The  tracheal,  thyroideal.  crJcoidul,  and  arytcnoidal  cartilages  of  full- 
grown  cattle  contain,  according  to  Muhnbk,  four  constituents  in  the 
matrix,  namely,  ciiondromHCoid^  ckondrottin-iutphuric  acid,  citUagtn,  and 
an  itifmminoiil. 

Chondromncoid.  This  bo<ly.acconling  to  Mobnrr,  has  the  composition 
C  47.3().  H  li.43.  X  I2.fi8.  S  2,43,  O  31. 28;^.  Sulphur  is  in  ]>art  loosoly 
conibinei.1  and  may  be  split  off  by  the  action  of  alkalies,  and  a  part  separates 
as  sulphuric  acid  when  boiled  with  hydrochloric  acid.  Chondroroucoid  ii 
deooropoecd  by  dihuc  alkalies  and  yields  alkali  albniniuatc,  peptone  sub* 
stances,  choudroittD-sulphuric  acid,  alknli  sulphides,  and  some  alkali 
sulphates.  On  boiling  with  acids  it  yields  acid  lUbumiuatc,  peptone  snb- 
itances,  t'hondroitin-ftulpliuric  a<;|tl,  mid  on  account  of  tlio  furtlier  decompo- 
sition of  this  last  Ixxly  sulplmric  aniil  and  a  reducing  substance  are  formed. 

Chondromucotd  is  a  white,  amorphous;  acid-reacting  powder  which  is 
iniolnblo  in  water,  but  dissotve-'t  i^asily  on  the  addition  of  a  little  alkali. 
This  solution  is  preoipitatod  by  ucetic  acid  in  great  excci^  and  by  small 


'ZellMhr.  f.  \>hjH}0\.  Cliem..  Del.  18,  8.  250. 

'Mucin in  Mynpilema.  Furthrr  AimtyiM.  King* College.  Coll^'Cicd  Papers  No.  1, 
1893. 

■K<>r<4-liowetz.  VerhsDill.  <l.  iiaturb.  med.  Vereins  zu  H«Ii]elt>ei'g.  Bd.  I,  Heft  4; 
Mflravr,  akanil.  Arcb.  t.  pli>»iol.,  Bd.  1. 
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quantities  of  miueral  acids.  The  precipitation  may  be  retarded  by  nentrul 
guUe  or  by  chroudroitin-sulphuric  acid.  The  solutioa  coDtainiog  XaCl  and 
acidiliud  wiili  HCI  \&  not  precipitated  by  [wtossiutii  ferrocyauidu.  I'rocipi- 
tunttt  for  choiidromiicoid  are  alum,  ferric  chloride,  sugar  of  lead  or  basic  lead 
acetate.  Choudromuccid  it!  not  precipitated  by  tannic  acid,  and  it  may  by 
itis  presence  prevent  the  precipitiition  of  gelatin  by  this  acid.  It  giTen  the 
usual  oolor  reactiona  for  proteide,  namely,  with  nitric  acid,  with  copper  aol- 
plmte  and  alkali,  with  Million's  and  Adamkie^'Icz^s  reagents. 

Chondroitin-solphurio  Acid,  ciiqnduoitic  aciu.  This  auid,  which  wag 
first  preiwred  pure  from  cartilage  by  C.  Th,  HofeN'RR  and  idcnUGed  by 
him  :ut  an  ethereal  sulphuric  arid,  occurs  according;  to  Morxrr  in  aU 
varieties  of  cartilage  and  also  in  the  tunica  intima  of  the  aortA  and  as 
traces  in  the  bone  substaucc.  According  to  Khawkow,  who  found  it  in  the 
cervical  ligament  of  the  ox,  it  combines  with  proteid  forming  amyloid 
(sue  page  40),  which  explains  the  occtirrence  of  tins  body  in  amyloid-de- 
getieniled  livers  ha  absfived  by  Onni.'  Acconliug  to  Schmiedbuuru*  the 
acid  has  the  formula  C.'|,1I„NS<)|,.  In  reganl  to  thu  chemical  constitution 
of  this  acid  tha  itiTc:dtigatiou3  of  Scumiedkueku  hare  led  lo  the  following: 

As  first  products  this  acid  yields  on  cleavage  sulphuric  acid  and  a  nitrog- 
enous substance,  ckondroitin,  according  to  the  following  equation: 

C,.II.,NSO.,  +  il.O  =  II.SO.  +  C,.U„NO... 

Cbondroitin,  which  is  similar  to  gum  Arabic  and  which  is  a  monobasic  acid, 
yields  acetic  acid  and  a  new  nitrogenous  substance,  ehondrosin,  as  clearaga 
products,  on  decomposition  with  dilute  mineral  acids: 

Chondrosiu,  which  is  also  a  gummy  substftuce  soluble  in  water,  is  a  mono-' 
basic  acid  atui  reduces  copper  oxide  in  alkaliuo  solution  even  more  strongly 
than  dextrose.  Itjs  dextrogyrate  and  represents  the  reducing  substance 
obtained  by  previous  investigators  in  an  impure  form  on  boiling  cartilage 
with  nil  iieid.  Tho  proilucts  ohtuitied  on  ilecurnpo;>iDg  chondrosin  with 
barium  hydrate  tond  to  show  that  chondrosin  contains  the  atomic  groups  of 
glycuronic  acid  and  glucosamine. 

Chondroitin-sutpliurio  iu;id  appears  ns  a  wluto  amorphous  powder,  which 
dissolves  very  easily  in  water,  forming  an  acid  solution  and,  when  sutEcicntly 
concentrated,  a  sticky  liquid  similar  to  a  solution  of  gum  arable.  Nearly  all 
of  its  salts  are  soluble  iu  water.  The  netitnilized  solution  Is  precipitated  by 
tin  chloride,  basic  hsud  acetate,  neutral  ferric  chloride,  and  by  alcohol  in  the 


<C.  MOrDtr.  l.cnmlZ^Uscbr.  f.  pbytlol  Ctieui..  Bdd.  SOikud  23  ;  K.  M&mer.  Skand. 
Arch.  f.  Phyilnl, ,  Hd.  8  ;  Krawkow.  Arcb  f .  exp.  Path.  u.  Pharm. .  Bd.  40  ;  Oddl.  ibid., 
BO.  38. 

•Areli.  r.  exp   Pftlti  n.  Plitirm..  B<1.  26. 


preeenoe  of  a  little  Dcutrat  suit.  The  aolution,  on  the  other  hand,  is  not 
precipitaled  by  iicetic  aciil,  iaonic  acid,  potassium  ferrocvanido  and  acid, 
sugar  of  lead,  mercuric  chloride,  or  silver  nitrate.  Acidilied  aolutioiiB  of 
alkiili  chondroitin-sulphatea  cause  a  precipitation  wheu  added  to  solutions  of 
gelatin  nr  [imtwid. 

Chondromucoid  and  chondroitin-suljihuric  acid  may  be  prepared  nccorii- 
ing  to  MoRNER  by  extracting  finely  cut  cartilage  with  water,  which  dissolves 
the  preformed  cliondroitin-sulpliuric  acid  besides  some  cliomlromucoid.  In 
this  watery  extract  the  chondroi  tin -sulphuric  acid  prcvonta  the  precipitalion 
of  the  chondromucoid  by  mfiiiis  of  an  acid.  If  2-4  p.  rii.  Ht'I  is  added  to 
this  watery  extract  and  warniL-d  on  the  water-bath,  the  chondromucoid  grad- 
ually eeparates,  while  the  ciioudroitiu-sulphnric  iicid  and  the  rest  of  the 
cliondroniucoid  remain  in  the  filtrate.  If  the  curtila^^e,  whirli  lius  been 
lixiviated,  at  the  tem|»rature  of  the  botly,  with  water,  is  extnicled  with 
hydrochloric  acid  of  3-a  p.  m.  until  tlio  collagen  is  i-onvertcil  into  gelatin 
and  dissolve*!,  the  remaining  chondromucoid  miiy  be  removed  from  the  in- 

:«>Iuble  residue  by  dilute  alkali  and  precipitateil  from  tiie  alkaline  extract 

ill^  Bn  Jicid.  It  may  l>e  puriliod  by  repeated  aolution  in  water  with  the  aid  of 
a  little  alkali,  precipitating  by  an  acid  and  then  treating  with  alcohol  and 
ether. 

,  The  pre-exii>ting  chondroi  tin-sulphuric  acid,  or  that  formed  by  the  de- 
compoBJtion  of  chondromucoid.  is  obtained  by  lixiviating  the  cartilage  with 
a  5<t  caustic-alkali  solution.  The  ;dkali  albuminate  formed  by  the  decom* 
position  uf  the  chomlroinucoid  can  be  removed  from  the  solution  by  nimtral- 
ualion.  then  the  peptone  precipitiited  by  tannic  acid,  the  excess  of  this  acid 
removed  with  sugar  of  load,  and  the  lea*i  eefwrated  from  the  tiltnitc  by  11,8. 
If  furtlier  purification  is  necosaary,  the  aci<l  is  precipitated  with  alcoliol,  ihe 
precipitate  dissolved  in  water,  this  solution  dialyzeil  and  precipitated  again 
with  alcohol, — this  solution  in  water  and  jjiecipitating  with  ahiohol  Icing 
repeated  a  few  times, — anil  lastly  the  acid  is  treated  with  alcohol  and  ether. 
ScHMiKDBBKHO  prcpHred  the  Eicid  from   the  Ri'ptum  narium  of  the  pig 

1  according  to  the  following  method:     The  finely  divided  cartilage  is  first  ex- 

I  poied  to  artificial  pepsin  digestion  and  then  carefully  washed  with  water  and 
the  insoluble  residue  treattKl  with  2-3^  hydrochloric  acid.  This  cloudy 
liqnid  containing  hydrochloric  acid  is  precipitated  with  alcohol  (about  J  vol.) 
and  the  ck*ar  filtrate  treated  willi  absolute  alcohol  and  tiomu  eUier.  The 
procipitat«,  consisting  chiefly  of  a  combination  or  a  mixture  of  chondrnitin- 
Bulphnric  acid  and  gelatin  peptone  (popto-chondrin),  is  first  wnshed  with 
alcohol  and  then  with  water.  It  is  then  dissolved  in  alkaline  water  tuir)  the 
basic  alkali  cotnbiiiiition  ]irecipitiilcd  from   this  solution  by  the  sfldtrioii  of 

;  alcohol,  whereby  the  gelatin -peptone  .■ilkali  remains  in  solution.  The  |ire- 
cipitttte  is  pnrifiwl  by  repeated  solution  in  alkaline  water  and  precipitated  by 

I  alcohol.  To  obtiun  chondroilin-siilphuric  acid  entirely  free  from  clioiidi-oitin 
it  is  more  a«lvautagcous  to  prepare  the  pohissiura -copper  combination  of  the 

<  acid  from  the  alkaline  solution  by  the  nlteruuto  addition  of  co]iper  acetate 
and  caustic  potash  and  precipitating  with  alcohol.    The  reader  is  referred  to 

I  the  original  article  for  more  details. 

The  coUtigen  of  the  cartilage  gives,  accortiing  to  Morsf.h.  a  geUtin  which 
contains  only  16.4:»  N  and  which  can  hardly  be  considered  identical  with 
ordinary  gehitin. 
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In  thcabovc-meDtioued  cartUagesof  full-grown  aninials  tUe  cboudroitin- 
Bulphnric  acid  and  choitdromucoid,  perhaps  also  tlK«  collagoT),  are  found  sur* 
rounding  the  cetta  as  roimd  balls  or  lamps.  Tlieso  balls  (Mobkeb's  chondrin- 
balls),  wliicli  give  a  blue  color  with  metl)yl-%'iolet,  lie  in  the  meshes  ol  ft 
trabecular  struottiro,  which  is  colored  when  brought  in  contact  with  ln>- 
p»olin. 

The  albuminoid  is  a  nitrogenized  body  which  contains  loosely  conibiDed 
Biilpljur.  It  ia  soluble  with  difficulty  in  aoids  and  alkalies,  and  rcsembloa 
keratin  iu  many  respects,  but  differs  from  it  by  boitig  soluble  in  gaatric  juice. 
In  other  rc»pectt)  it  ia  mors  similar  to  elastin,  but  difTers  from  this  substance 
by  ucntiuning  Hulphnr.  This  albuminoid  givos  the  color  roaclionB  of  the 
albuminous  bodies. 

The  preparation  of  cartilage-gelatin  and  albuminoid  may  be  performed 
according  to  the  folluwing  uifilhod  of  MOrnkk:  First  remove  the  chon- 
dromucoid  and  choudroitiii-sulphuric  acid  by  extraction  with  dilute  caustic 
potash  (0.3-0.5;!).  remove  the  alkali  from  the  remaining  cartilage  by  water, 
and  then  boil  with  water  iu  a  Pafik's  digcstor.  Tho  collagen  jasAes  inio 
solntioQ  as  gelatin,  while  t)ic  albuminoid  remains  undissolved  (contaminated 
by  the  cartilage-cellfi).  The  gelatin  may  be  purified  by  precipitating  with 
sodium  sulphate,  which  must  be  added  to  saturation  in  the  faintly  acidified 
solution,  rcdissolving  the  precipitate  in  water,  dialyzing  well,  and  precipi- 
tating with  alcohol. 

According  to  Murneb.  no  albuminoid  is  found  in  young  cartilage,  but 
only  the  three  first- mentioned  constituents.  Nevertheless  the  young  carti- 
lago  contains  iibout  thL>  same  amounts  of  nitrogen  and  niiiterul  substances  as 
the  old.  The  cartilage  of  the  ray  {Rttjn  tatis  Lin.),  which  has  been  investi- 
gated by  LOnnbebo,'  contains  no  albuminoid  and  only  a  little  chondromTi- 
coid,  but  u  large  proportion  of  chonclroitin-snlphuric  acid  and  collagen. 

nori'E-SF:YLKR  foimd  in  fresh  human  rib-oartlhige  676.7  p.  m.  water, 
301.3  p.  m.  organic  and  33  p.  ni.  inorganic  substance,  and  in  the  i-artilage 
of  tlie  knt-'C-joiut  7:i5.9  p.  m.  water,  248.7  p.  m.  oi^anic,  and  15.4  p.  m. 
inorganic  substauco.  Pickardt  *  fonnd  402-574  p.  m.  water  and  72.80  p.  m. 
ash  (no  iron)  in  tho  laryngeal  cartilage  of  oxen.  The  ash  of  cartilage  con- 
tains considerable  amounts  (even  800  p.  m.)  of  alkali  sulphate,  which 
probably  does  not  exist  originally  as  such,  but  is  produced  in  great  part  h^ 
the  incineration  of  the  chondroitin-ttulphuric  acid  and  the  ohondromucoid. 
The  analyses  of  the  asii  of  cartilage  thurefore  cannot  give  a  correct  idea  of 
the  quantity  of  mineral  bodies  existing  in  this  substanoe. 

The  Cornea.  Tho  corneal  tissue,  which  is  considered  by  many  ioTeeti- 
gatorg  to  be  relnteil  to  cartilage  in  a  chemical  sense,  contains  traces  of 


'M&ly-sJnliTCstier.  6d.  19.  8.  833. 

*  IIo|>p«-8e7ler,  clleil  from  KUhne's  L«lirbucU,  d.  pb^siol.  Ch«m..  S.  8S7;  PIckanit. 
Ccntralbl.  f.  Physiol..  Bd.  8.  8.  73a. 
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proteid  and  a  collagen  as  chief  constituent,  which  C.  Th.  Morner  *  claims 
contains  16.95^  N.  According  to  him  it  also  contains  a  mucoid  which  has 
the  composition  C  50.16,  H  6.97,  N  13.79,  and  S  2.07ji.  On  boiliqg  with 
dilute  mineral  acid  this  mucoid  yields  a  reducing  substance.  The  globulins 
found  by  other  investigators  in  the  cornea  are  not  derived  from  the  matrix, 
according  to  MOrner,  but  from  the  layer  of  epithelium.  According  to 
MoRKER,  Descemet's  membrane  consists  of  membranin  (page  48),  which 
contains  14.77^  N  and  0.90;^  S. 

In  the  cornea  of  oien  His*  found  768.3  p.  m.  water,  203.8  p.  m.  gela- 
tin-forming substance,  28.4  p.  m.  other  organic  substance,  besides  8.1  p.  m. 
soluble  and  1.1  p.  m.  insoluble  salts. 

III.    Bone. 

The  bony  structure  proper,  when  free  from  other  formations  occurring 
in  bones,  such  as  marrow,  nerves,  and  blood-vessels,  consists  of  cells  and  a 
matrix. 

The  cells  have  not  been  closely  studied  in  regard  to  their  chemical  con- 
stitution. On  boiling  with  water  they  yield  no  gelatin.  They  contain  no 
keratin,  which  is  not  usually  present  in  the  bony  structure  (Herbert 
Smith*),  but  they  may  contain  a  substance  which  is  similar  to  elastin. 

The  matrix  of  the  bony  structure  contains  two  chief  constituents, 
namely,  an  organic  substance,  ossein,  and  the  so-called  bone-earths,  lime- 
salts,  enclosed  in  or  combined  with  it.  If  bones  are  treated  with  dilute 
hydrochloric  acid  at  the  ordinary  temperature,  the  lime-salts  are  dissolved 
and  the  ossein  remains  as  an  elastic  mass,  preserving  the  shape  of  the  bone. 
This  ossein  is  generally  considered  identical  with  the  collagen  of  the  con- 
nective tissue. 

The  inorganic  constituents  of  the  bony  structure,  the  so-called  bone- 
earths,  which  remain  after  the  complete  calcination  of  the  organic  sub- 
stance as  a  white,  brittle  mass,  consist  chiefly  of  calcium  and  phosphoric 
acid,  but  also  contain  carbon  dioxide  and,  in  smaller  amounts,  magnesium, 
chlorine,  and  fluorine.  Alkali  sulphate  and  iron,  which  have  been  found 
in  bone-ash,  do  not  seem  to  belong  exactly  to  the  bony  substance,  but  to 
the  nutritive  fluids  or  to  the  other  constituents  of  bones.  The  traces  of 
sulphate  occurring  in  the  bone-ash  is  derived,  according  to  Morner,*  from 
the  chondroi tin-sulphuric  acid.  According  to  Gabriel'  potassium  and 
sodium  are  essential  constituents  of  bone-earth. 

>  Zeltschr.  f.  physiol.  Cbem.  Bd.  18. 

*  Cited  from  Oamgee,  Physiol.  Chem.,  1880,  p.  451. 
I  ZeiUchr.  f.  Bfolo^ie.  Bd.  19. 

*  Zeltschr.  f.  pliyslol.  Cheat.,  Bd.  28. 

*  Jbid.,  18,  which  tilso  contains  the  pertiaent  literature. 
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The  opinions  of  inrestigatora  differ  somewhat  as  to  the  manner  in 
which  the  mineral  bodies  of  tho  bony  structure  are  combined  with  each 
other.  Chlorino  and  Ouorinc  aro  present  in  tho  same  form  as  in  apBtit« 
(CaT'l„8Ca,P,0,).  If  wo  elimiuate  the  magneeium,  the  chlorine,  and  the 
fluorine,  the  last,  according  to  Uadhiel,'  occurring  only  as  traces,  the 
remaining  mineral  bodies  form  the  oombination3(Ca,P,0,)CaCO,.  Accord- 
ing to  Qaqriel,  the  simplest  ezpreosion  for  the  composition  of  the  ash  of 
bont'B  and  teeth  is  (C8,(P0,),  +  Ca,lIP,0,.+  Ari),  in  which  2-3^  of  the 
lime  iti  replaced  by  ma^nosia,  jwtJLsb,  and  soda^  and  4-C.i  of  the  phoapboric 
acid  by  carbon  dioxide,  chlorine,  and  fluorine. 

Analyaoa  of  bono-ourtbs  hiive  showm  that  the  mineral  constitnentfl  exist  in 
rather  constant  proportions,  which  is  nearly  the  same  in  different  animaU. 
Ab  example  of  the  com])OBltJon  of  bone-earth  we  give  here  the  analyses  of 
Balesky.-     The  figures  represent  parts  per  thousand. 

Mnn.  UK.  Tortolw.  Gulnfl*-pic. 

Calcium  plioitphiile.  Ci»,P,0. 838.9  860.9  859.9  878.8 

Mngiioaluiii  jihosptiatu,  MeiPiO, 10.4  10.3  13.6  10.S 

Calcium  cuEuUued  wltb  CO..  Fl.  aQd,CI 'tfl.S  78.6  63.3  70.8 

CO, 67.8  62.0  M.7 

Clilnrhe ;...  1.8  S.0          1.8 

nuoHtie 2.3  S.0  2.0 

Some  of  ihe  COi  is  tilwtiys  \o'\  vn  cmMaUtg.  »o  tbnt  the  bone-asli  doet  not  conttik 
the  entire  COi  of  tliv  tfoiiy  siibttaDce. 

Ad.  Cakkot*  found  the  following  composition  for  the  hone-ash  of  man, 
ox,  and  elephant: 

H«n.  Ox.         El^phKHL 

Femur       F«mur         Fwnur.       Knuur. 
(body).        (hem]}. 

Calcium  phoa[>hate tf?4.5  8T8.7  8.17.3  900  3 

Maeneafiim  plin-ipliaie 13.7  17.5  1S.8  19.8 

Cukliiin  floorfde     3.5  3.7  4.S  4.7 

Culciiiin  chloride S.8  8  0  8.0  9.0 

Calcium  cart).jn.-.te 101.8  fi-i.3  119.0  72.7 

Ima  oxiile 1.0  1.3  1.3  ].0 

Tho  quantity  of  organic  substance  in  the  bonee,  calculated  from  the  \ou 
of  weight  in  burning,  varies  somewhat  between  300  and  580  p.  m.  This 
Tariation  may  in  part  be  explained  by  the  difliculty  in  obtaining  tlie  liony 
substance  entirely  free  from  water,  and  partly  by  the  very  variable  amount 
of  blood-vessels,  nerves,  marrow,  and  the  like,  in  difforent  bones.  The 
unequal  amounts  of  organic  itubiitanco  found  in  Uie  compact  and  in  the 
spon^'y  parts  of  the  same  bone,  oh  well  as  in  bones  at  different  periotU 
of  developRiunt  in  the  same  animal,  depetid  probably  upon  the  varying 
quantities  of  these  above-mentioned  formations.  Dentin,  wliich  ia  compara- 
tively pure  bony  strncturo,  contains  only  360-280  p.  m.  organic  substance, 
and  Hoppe-Seyleb  '  therefore  thinks  it  probable  tliat  entirely  pore  bony 

'  noppe-Sej'ler.  Med.  elicnj.  Umersiidi.,  S.  19. 
'Com|>.  rctid,.  TumolU. 
'  Physiol.  Cb*in.,  8.  102-104. 
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Biib6tan(>e  has  a  conBtant  coniiiosition  and  contains  only  about  250  p.  m. 
OT^nic  substance.  The  question  whether  these  substances  are  cbemicall^' 
combined  with  tlie  bonc-oartha  or  only  intimately  mixed  has  not  been 
dofiided. 

TU«  nutritire  fltiWU  whicli  cfroiLlntv  t)ir(>i]|;]i  llie  ln.ncft  tinvc  rn"-!  bo«D  l«o1ftl«<],  »nil 
Wf  ouly  know  lliul  tijey  coalitin  auinc  proteid  ami  st>mi'  NiiCI  aud  nika))  »ulpltnlv.  The 
Vfltow  iTiarntw  coDtniiiH  chji-lty  Tnl,  wltloli  con>-iAlfl  ot  olelii,  pnliiijliD,  aiui  sU>ar]D. 
Pfoieid  has  bccu  fouiKl  especially  iu  tlic  so-cullc-il   itd  tnnrmw  of  tbc  APt^Di^  buotis. 

■  Ducleo  nlbumio  with  1.9%  pljosplmrns  (HALLinrRTOK 'j,  bt^ides  traros  of  iill»mDin. 
Beddvfi  lliis  lilt;  iiiarrtiw  Oi>ii(uiu.i  «•>  (^lleil  uxiruciivL'  ))oi)irs,  audi  ns  laclic  ncJd, 
hypoxaDlbin,  and  clidlestvnn.  Iml  uiu&lly  bodii-s  of  uii  uiikuowii  chariu'lvr. 

The  diverse  qnantitatirecomposilionof  the  varioos  bone«  of  the  skeleton 
dependii  probitbly  on  the  varying  quantities  of  other  formations,  such  as 
marrow,  blood -vcssfls,  etc.,  they  contain.  The  «imo  reason  explainc,  to 
all  appearances,  the  larger  quimtitv  of  organic  gubstance  iu  the  spongy  parts 
of  the  bones  us  compared  with  the  more  compact  parts.  Schbodt*  has  made 
conipurative  analyses  of  difTerent  parts  of  tbo  skeleton  of  the  stinie  animal 
(dog),  and  has  found  an  essential  difTercnce.  The  quantity  of  water  in  the 
fresh  bones  varies  between  138  and  443  p.m.  The  bones  of  the  extremities 
and  the  skull  oonbiiu  13i(-22-i.  tlie  vertebra"  IG8-443,  and  the  ril«  324-356 
p.  m.  wati-r.  The  quantity  of  fat  varies  between  13  and  269  ji.  ni.  The 
largest  amount  of  fat,  25G-2C9  p.  m.,  is  found  in  the  long  tubular  bonee, 
while  only  13-175  p.  m.  fat  is  found  in  the  small  short  bones.  The  quan- 
tity of  organic  substance,  calculated  from  fresh  bonce,  was  15C>-300  p.  ni., 
and  the  quantity  of  miucnil  substances  290-503  p.  ro.  Cnntrary  to  the 
general  supposition  the  greatest  amount  of  boue-earths  was  not  found  in  the 
bmur,  but  in  the  first  three  cervical  vertebne.  In  birds  (ho  tubular  bone* 
are  richer  in  minenil  snb^ttanceii  than  in  tlie  flat  bones  (Df  riko),  and  the 
greatest  quantity  of  mineral  bodies  has  been  found  in  thehumerus(IIiLi.ER, 
DCntNG*). 

We  do  not  possess  trustworthy  statemenU  in  regard  to  Iho  coni[)OMition 
of  bones  at  different  ages.  According  to  the  analyses  by  E.  Voir  of  lionos 
of  dogs  and  by  HHinArnen  of  bones  of  children,  we  learn  that  the  skeleton 
becomes  poorer  in  water  and  Holier  tn  a**h  with  increase  in  age.  Orapff.k- 
BBHQEB^has  fonnd  In  rabbits  GJ-Ti  years  old  that  the  bones  contained  only 
140-170  p.  m.  water,  while  the  bones  of  the  full-grown  rabbit  2-4  years  old 
contained  200-240  p.  m.  The  bones  of  old  rabbits  contain  more  carbon 
dioxide  and  less  calcium  phosphate. 

*  Forrctr.  Joiirn,  of  Pliy»lol.,  Vol.  17  ;     Hnlllliurtoii,    ilM..  Vol.  18. 
*LandwlrtliKcli.  VerBii[^hi«tat.,  Bd.  19.    Cilvd  from  Maly'x  Jatire»l)«r..  Bd.  0. 

'  HUUt.  cited  frf)m  Maly'H  JnhrMlner.,  Bd.  14  ;  Dflrliifr,  Zi-)tsrlir,  f.  |ihyslol.  rbem., 
IM.  S3. 

•  Voit.  Zeiiscbr.  f.  Bfologfe,  Bd.  16;  Brut>acb«r,  Md.,  Bd.  97;  Qnffroberger  fa 
Malv'B  Jnbresbvr..  Ud.  SI. 
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Tbecoiupcliian  of  bnnca  nf  attimnls  of  <lf  Herein  M]«cie«  ia  but  little  knovQ.  Tb« 
bone^  of  Uirna  ronLuln,  na  n  rule,  aoiutwiint  niDrc  waler  than  lIjorc  of  mnmmiJin.  tnd 
tlic  )h>uc«  of  Ushcs  contalo  llie  largest  quuotlty  of  wnu-r.  Tliv  bones  of  AflhcsuuJamptilb- 
iiitis  coiituin  n  eie&ler  aioouiit  nf  organic  Hiib«Uiui'e.  Tiie  Ixiues  of  |uicby<)cMR»>  wi>l 
cetnceftiii  cotitaTn  »  luige  nruporiton  of  nilciuin  c»rlK>iiiite  ;  lliOM  uf  granlvorous  binJi 
■Iwnya  coiMniu  t>Uii.i<:  ncitl.  TUe  booe-aali  uf  ampblbiitns  and  ddiM  coaloJus  aMjiuiB 
Bulplintu.  Tb«  boues  of  Ssboe  »ecm  lo  coutalu  vaon  soluble  sulu  tbaa  tlie  bones  of  other 
tulioiLls. 

A  great  many  experimenU  have  been  ma<le  to  determine  the  exchange  of 
material  iu  the  bones — for  iuBtauce,  with  food  rich,  in  lime  and  with  food 
delicieut  in  lime — but  the  results  have  always  been  doxihtful  or  contradic- 
tory. The  attemi>t.s,  also,  to  subatitute  other  alkaline  earthu  or  claj  for  the 
lime  of  the  bones  hare  given  contradictory  results.'  On  the  adrainistratioo 
of  madder  the  bones  of  the  animal  are  found  to  be  colored  i-ed  after  a  few 
days  or  weeks  ;  hut  these  experiments  have  not  lod  to  any  ^sitive  coucIq- 
eion  in  regard  lo  the  growth  or  metabolism  in  the  bonea. 

Under  ]mthological  conditions,  as  in  rachitis  and  softening  of  the  bones, 
an  ossein  haa  been  found  which  docs  not  give  any  typical  gelatin  on  boiling 
with  water.     Otherwise  pathological  conditions  seem  to  affect  chiefly  tha 
quantitative  compositiun  of  the  bones,  and  especially  the  relationship 
twecn  the  organic  and  tlio  inorganic  SLibstance.    In  exostosis  and  osteo8i.'1eroKti 
tho  quantity  of  organic  Rubst-ance  u  generally  iiicreaeed.     In  rachitis  an 
osteomalacia  the  quantity  of  boQe-e:irth3  is  considerably  decreased.    At- 
tempts have  bocn  made  to  produce  rachitis  in  animals  by  the  use  of  food  de- 
ficient in  lime.     From  eijieriments  on  fully  develojH-d  aniniuls  contradictori 
rotiiilts  have  t>een  obtained.     In  young,  undeveloped  animals  Erwik  Voit' 
produced,  by  lack  of  limo-salts,  a  change  similar  to  racliitis.     In  tull-grow 
animals  the  bones  were  changed  after  a  long  time  because  of  the  lack  o: 
limesalta  in  the  food,  but  did  not  become  soft,  only  thinner  (o8tooporosis)._ 
The  experiments  of  removing  the  lime-salts  from,  the  bonc^  by  the  additio 
of  hictic  acid  lo  the  food  have  led  to  no  positive  rcBultatllKiTZMANX,  Heiss— - 
Baoinskt).*    Weiske,  on  tho  contrary,  has  shown, by  administering  dilut 
sulphuric  acid  or  monosodium  phosphate  with  the  food  (presupposing  tha 
the  food  gave  no  alkaline  ash)  to  sheep  and   rabbits,  that  the  quantity  o 
mineral  bodies  in  the  bones  might  be  diminished.     On  feeding  continuonsl; 
for  a  long  time  with  a  fo(.»I  which  yielded  an  acid  ash  (cereal  gruns)  Weisk 
has  observed  a  dimitiutirm  in  tho  mineral  substancea  of  the  bones  in  fall 
grown  herbivora.*    A  few  inTostigatorsaro  of  the  opinion  that  in  rachitis, 
in  otttoomulacoais,  a  solution  of  the  lime-aalts  bv  means  of  lactic  acid  taki 
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*  See  H.  WBlnke.  Zeitscbr.  f.  Bioiogic.  Bd.  81. 
•Zelisnbr.  f.  Bfolngic.  Bd.  10. 

*  IIoitztnnDQ.  Ma)y'8  JAbresber.,  Bd.  8.  6.  3S9  ;  Heisa,  Zeltchr.  f.  Blologle.  Bd.  IS  9 
Bagliioky.  Vircbow's  Arch..  Bd  87. 

•8«c  Mitly'ii  JsLhr«abcr..  Bd.  *J3i  alio  'WeUke,  Zeltscbr.  (.  pby^ol.  Cbem..  Bd.  tO, 
ud  Zcltschr.  f.  Biotoj^ic.  Bd.  31. 
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place.     TbiB  was  suggested  by  the  fact  that  0.  Weber  and  C.  ScBUinx 
found  lactic  acid  in  the  cjsfc-like,  altered  bony  substance  in  osteomalacia. 

Well-known  inveBtigators  have  disputed  the  possibility  of  the  lime-salts 
being  washed  from  the  bones  in  osteomalacosis  by  means  of  lactic  acid.  They 
have  gireu  special  prominence  to  the  fact  that  the  lime-salts  held  in  solution 
by  the  lactic  acid  must  be  deposited  on  neutralization  of  the  acid  by  the 
alkaline  blood.  This  objection  is  not  very  important,  as  the  alkaline  stream 
of  blood  has  the  property  to  a  high  degree  of  holding  earthy  phosphates  in 
solution,  which  can  be  easily  proved.  The  recent  investigations  of  Levy  ' 
contradict  the  statement  as  to  the  solution  of  the  lime-salts  by  lactic  acid  in 
oeteomalacia.  He  has  foond  that  the  normal  relationship  6P0,  :  lOCa  is 
retained  in  all  parts  of  the  bones  in  osteomalacia,  which  would  not  be  the 
case  if  the  bone-earths  were  dissolved  by  an  acid.  The  decrease  in  phos- 
phate occurs  in  the  same  quantitative  relationship  as  the  carbonate,  and 
according  to  Lett  in  osteomalacia  the  exhaustion  of  the  bone  takes  place 
by  a  decalcification  in  which  one  molecule  of  phosphate  carbonate  after  the 
other  is  removed. 

In  rachitis  the  qutintlty  of  orgSDlc  matter  Yoa  been  found  to  va^ between  664  and 
811  p.  m.  The  quantity  of  innr^nic  Bubstnnce  wks  189-S36  p.  m.  These  figures  refer 
to  the  dried  substance.  According  to  Brubachbb  rachitic  bones  are  ricber  in  water 
than  the  bones  of  bealtby  children,  and  poorer  \a  mineral  bodies,  especiallj  calcium 
phosphate.  In  oi>positiOD  to  rachitis,  osteomalacos's  Is  often  chamcti^nzed  by  tbe  con- 
siderable aiDOUDt  of  fat  In  the  twnes,  280-390  p.  m.  ;  but  as  n  rule  the  compoaitlon  varies 
■o  much  that  the  analyses  are  of  little  value.  In  a  case  of  osiepnialocosis  ChabhiA  *  found 
a  larger  guaDiiiyof  mugneslum  thitn  calcium  in  a  bone.  Thensb  contniued  417  p.  in. 
phosphoric  acid,  223  p.  m.  lime,  269  p.  m.  magnesia,  nod  86  p.  m.  carbon  dioxide. 

The  tooth-stmotnre  is  nearly  related,  from  a  chemical  standpoint,  to  the 
bony  structure. 

Of  the  three  chief  constituents  of  the  teeth,  dentin,  enamel,  and  cement, 
the  last-mentioned,  the  cement^  is  to  be  considered  as  true  bony  structure, 
and  as  such  has  already  been  discussed  to  some  extent.  Dentin  has  the 
same  composition  as  the  bony  structure,  but  contains  somewhat  less  water. 
The  organic  substance  yields  gelatin  on  boiling;  but  the  dental  tubes  are 
not  dissolved,  therefore  they  cannot  consist  of  collagen.  In  dentin  260-280 
p.  m.  organic  substance  bos  been  found.  Enamel  is  an  epithelium  forma- 
tion containing  a  large  proportion  of  lime-salts.  The  organic  substance  of 
the  enamel  does  not  yield  any  gelatin.  Completely  developed  enamel  con- 
tains the  least  water,  the  greatest  quantity  of  mineral  substances,  and  is  the 
hardest  of  all  the  tissues  of  the  body.  In  full-grown  animals  it  contains 
hardly  any  water,  and  the  quantity  of  organic  substance  amounts  to  only 
20-40  p.  m.     According  to  Tomes*  the  enamel  contains  no  measurable 

Cited  from  v.  Oomp-Besancz.  Lehrb.  d.  pbysiol.  Chem.,  4.  Aufl. 
•ZeltM^hr.  f.  physiol.  Chem.,  Bd.  19. 

tChabrii,  "Les  phenomtines  chim.  deroasificatlon,"  Paris,  1895,  p.  6S. 
•Joum.  of  Physiol.,  Vol.  19. 
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amounts  of  organic  matter,  and  what  nsed  to  be  called  organic  matter  (los 
by  weight  in  in  cine  nit  ion)  he  considers  only  water.  The  rulutive  ainoi 
of  calcium  and  ]>hcs|)horic  acid  are,  according  to  the  analysoa  of  Hof 
Skylbk,  al>out  the  same  as  in  bono-durtlis.  The  qu&uti^  of  ohlorioe  a^ 
cording  to  Hope-Seyler'  is  remarkably  high,  0.3-0.5^. 

CakXiiT.' wljohiuilii<rutlgHteilllifl  ilcutiu  frnni  ulnjihnutH.  hu  found  4.3  p.  in.  cHlchm 
fluoric!)- In  itie  uiti.  In  Ivory  he  ruiiiit]  only  ?  0  p.  in.  Dcintiu  from  eleiilinnts  UHdi 
Id  magoeiluEa  pliospbate,  vrhKch  Is  more  marked  In  irnry. 

According  to  Oabbiel  the  amount  of  fluorine  is  very  small  and  ainnanta 
to  1  p.  m.  in  ox-teeth.  It  is  no  greater  in  the  teeth  and  enamel  than  in 
tlie  bones.  Accoitling  to  Gabriel  tbo  pliosplialca  are  strikingly  imall  In 
tlie  (.'uainel,  and  in  tbo  toetb  couHidvrablo  litiie  Ih  rctplacod  by  magnesia. 

IV.   The  Fatty  Tissue. 

The  membranes  of  the  fat-celU  withstand  the  action  of  alcohol  anil 
ether.  They  are  not  di&solved  by  acetic  acid  nor  by  dilute  mineral  act(U. 
bnt  are  dtBsolTod  by  artificial  gastric  jnico.  They  may  possibly  consist  of  asiilv- 
stance  closely  related  to  chistin.  The  fat-cells  contain,  besides  fat.  a 
yellow  pigment  which  in  emaciation  does  not  disappear  so  rapidly  m  tk 
fat;  and  this  is  the  reason  that  the  subcutaneous  cellular  tissue  of  u 
emaciated  corpse  bus  a  dark  orange-n>d  (rolor.  The  colls  deficient  in  or 
nearly  free  from  fatj  which  remain  after  the  complete  disappearance  of  tli« 
latter,  se^^m  to  have  an  albuminous  protophiam  rich  in  wat^r. 

The  less  water  the  fatty  tissue  contains  t))c  richer  it  is  in  fau  SoBt'UE 
and  Kkineckb'  found  in  lOOn  parts: 

Fally  tlBSUb  of  oxurQ 99.7  I6.F1  88S.T 

siiccp 104.B  16.4  878  8 

■'      "    pigs 84.4  ia.»  V3S.0 

TIjo  fat  contained  in  the  fat-eells  consiats  chiefly  of  triglycendes  of 
stearic,  palmitic,  and  oleic  acids.  Itesjdes  these,  especially  in  the  lees  solid 
kinds  of  fats,  there  are  glyceridcs  of  other  fatly  acids.  (See  Chapter  tV.) 
In  all  animal  fats  there  are  besiiles  these,  as  JIofmaxx  *  has  shown,  «I» 
free,  nou-Tcbtile  fatty  acids,  although  in  very  email  amounts. 

Unman  fat  in  adults  is  rich  in  olein  (about  70^).  In  new-born  infants  it 
is.  iu!fording  to  Kvoppblmacher,*  poorer  in  oleic  acid  than  in  adults,  a-'  '* 
amounts  to  only  about  43. 3;^  of  the  total  fatty  luids.  The  oleic  acid  llif^ 
increases  until  the  end  of  the  Qrst  year,  when  it  is  the  same  as  in  adults 
(6&,<).     The  fat  of  the  domestic  animals  has,  according  to  AuTitoB  ^M 

'  Physiol.  Chem..  p.  180. 

'  Compl.  rond..  Tome  114. 

1  Aiiaa.!.  d.  Cbern.  u.  Pliarm..  Bd.  142. 

*  Ludwf^.PMtKbrift,  1874.     Leipzig. 

*84i«fcK]t<ui>t«  1.  pHgeVd. 
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ZnfK,'  a  lees  oily  conflistency  and  ft  lower  iodine  and  acetyl  cqiiivuU -nt  than 
the  corresponding  fat  of  vild  animals.  The  fat  of  cold-blooded  uiiinmU  ts 
remarkably  rich  in  ok'in. 

The  projjprlics  of  fate  in  general,  and  the  three  most  important  varictieo 
of  fatf  have  already  boon  treated  of  in  a  prerioiis  chapter,  henco  the  forma- 
tion of  the  adipose  tissue  is  of  chief  interest  at  this  time. 

The  fomutiion  of  fat  in  the  organism  may  or«Mir  in  various  ways.     The 

fat  of  the  animal  body  may  consist  partly  of  absorbed  fat  of  the  food  de- 
posited in  the  tisaucB,  and  partly  of  fat  formed  in  tho  organism  from  other 
bodies,  such  as  proteids  or  car  boh  ydm  tea. 

That  tho  fat  of  tho  food  which  is  absorbed  in  the  intestinal  ranal  may  be 
retained  by  the  tisfiues  \iva  been  Hhowu  in  several  ways.  KAtiziKJKwsKi, 
Lebedepp,  and  Mukk*  have  fed  dogti  with  various  fata,  such  as  linaced-oil, 
mnttou-tallow,  and  ra]>o-scytl-niI,  and  have  nfterwards  found  the  ndminis- 
tored  fat  in  the  tissues.  Hoi-'mann  starved  dogs  until  they  appeared  to  have 
lost  their  fat.  and  then  fed  them  upon  large  fjuantilica  of  fat  and  only  little 
protetds.  Wlion  the  animals  wore  killed  lie  found  so  lui^e  a  rjii:intity  of  f»t 
that  it  could  not  havo  been  formed  from  the  adminlatored  proteid&  alone, 
but  the  greatest  part  must  bare  been  derived  from  the  fat  of  the  food. 
PaTTBKKOFEK  and  Voit'  arrived  at  Biniilnr  results  in  regard  to  the  behavior 
of  the  absorbed  fats  iu  the  orgauiflin,  though  their  exporimoutjt  were  of 
another  kind.  Mtnk  '  has  found  that  on  feeding  vith  frwi  fatty  acidit  these 
are  deposited  in  the  tissues,  not.  bowin-er,  as  such ;  but  they  are  transformed 
by  lyntheais  with  glycerin  into  neulrat  fiits  on  their  poasage  from  (lie  intes- 
tine to  the  thoracic  duct  Corokedi  and  Marchrtti  and  especially  AViK- 
rsRsiTz'  hare  recently  shown  tliat  the  iodized  fat  is  taken  up  in  the  in- 
teetiual  tract  and  deposited  in  the  various  organs. 

Proteids  and  carbohydrates  are  considered  oa  the  mother-snbstancu  of  the 
fats  formed  in  the  organism. 

The  formation  of  the  so-cidled  corpse-wax,  adipoeere,  which  consists  of  a 
mixture  of  fatty  acids,  ammoitia,  and  lime-soaps,  from  parts  of  the  corpse  rich 
iu  proteids,  is  aometimea  giren  aa  a  proof  of  the  fortnation  of faia  from  pro- 
leida.  The  accuracy  of  this  view  has,  however,  been  dispultil,  ami  uiouy 
other  explanations  of  tho  formation  of  this  snbfitance  have  been  ofTered. 
According  to  the  recent  eipcriments  of  Kratter  and  K.  IJ.  Lehmann  it 
seemaasif  it  were  possible  by  experimental  nieuns  to  convert  animal  tissue  rich 
in  proteida  (muscles)  intoadipoccre  by  the  cuntinuous  action  of  water.     Irre- 

>  Zeltachr.  f.  aoal^t.  Cbem..  Bd.  36. 

>  ItAdlcJ«WBkl.  Vlrchow'*  Arcb.,  Bd.  43;  Miink.  aid..  Bd.  03;  Ubwicff.  POllKer'^ 
ArcIi.Kd   81 

•  Hoflruaiiu.  Zeilscbr.  f.  Dfologic.  Bd.  8.  PeUctikoferaDd  Yoll.  iMJ..  Bd.  9. 

M'lrcbow'a  Arch.  lid.  80. 

■Corooedl  aiwl  Marchettl,  cited  hy  Wlnlcrnliz,  ZcltMlir.  f.  physjo].  Chem.,  Bd.  24.. 
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spcctivc  of  this,  Salkowski  '  has  sliowo  recenily  that  in  tho  formation  of  a«li- 
pocere  tho  (at  itsolf  tukct!  jmrt  in  thut  tlic  olein  (le<:om pones  with  the  fornix 
tion  of  solid  fattr  lu-tdii;  BllU  it  nittst  be  coiiKidcnu]  timt  lower  orgHDUmi 
inidoubtodly  take  part  in  its  formation.  Tho  production  of  adipoooreui 
proof  of  the  formation  of  fat  from  protcids  is  dinputcd  \>y  niauy  inrosti^aton 
lor  tUia  uud  other  reasons. 

Fatty  degeneration  is  auothor  proof  of  tho  formation  of  fiit  from  pro- 
teids.  From  theitiveatigutionsof  Baueroh  dogaand  Leo  on  fropswemaK 
admit  tltal  at  least  in  aonte  pnisoniug  by  phosphorus  a  fatty  degcncratioii 
with  the  formation  of  fat  from  proteids  takes  place.  Pptf  obk*  has  raised 
snch  strong  ar^ments  o^inst  the  older  researchett  ns  well  as  the  more 
recent  of  Polimakti,  who  claims  to  havo  shown  the  formation  of  fat  from 
prot^'ide  in  phosphorus  poisoning,  that  wo  cannot  consider  tho  formation  of 
fat  aa  connluaively  prorerl. 

Auotlier  more  direct  proof  for  the  fo]'mation  of  fat  from  proteida  his 
been  given  by  ITopmanS".*  He  experimentod  with  fly-maggota.  A  nnmher 
of  these  were  killed  and  the  quantity  of  fat  determined.  The  remaind«r 
were  allowed  to  develop  in  blood  whose  proportion  of  fut  had  l)eeu  preriotutr 
determined,  and  after  a  certain  time  thoy  were  killed  and  annlyzed.  lie 
found  in  them  from  7  to  11  timoa  as  mueh  fat  a«  in  the  maggots  first 
analyzed  and  the  blooil  together  contained.  PflCoer*  has  made  the  objec- 
tion that  ft  conBidorable  number  of  lower  fungi  develop  in  the  blood  under 
these  conditions,  and  these  serve  »&  food  for  the  maggoU  and  in  whose  cell- 
body  faLj  and  cirbo hydrates  are  formed  from  the  different  constituents  of 
the  blooti  and  their  decomposition  products. 

As  a  more  direct  proof  of  fat-formation  from  proteids  the  inTCfltigntioflM^I 
of  Pkttkn'KOfkk  and  Vuit  *  are  often  quoted.  These  investigators  fed  dcf^H 
wiih  large  quantities  of  meat  containing  the  least  possible  proportion  of  fat* 
and  found  all  of  the  nitrogen  in  the  excreta,  but  only  n  part  of  the  carbon. 
As  an  explanation  of  thef^e  conditions  it  has  been  nssumcd  that  the  proteid 
of  the  organism  splits  into  a  uttrogeuixed  and  a  non-nitrogenized  part,  tha 
former  changing  inio  tlic  nitrogeiiiTied  Jitial  product,  nrea.  the  other,  on  th* 
contrary,  being  retained  in  tiie  organiani  as  fat  (Pettr.vkopeb  and  A'oit). 

PpLCiiEii*  hits  arrived  at  the  following  conclusion  by  an  exhaustire  criti- 
cism of  Pettknkofkh  and  ^'oit'8  experiments  and  a  careful  recalculation' 
of  their  balan co-sheet,  namely,  that  tlieao  very  meritorious  investigation^* 

t  Smller.  Zoitscbr.  f.  Blologlo.  Bit.  16 ;  Lebmaun,  SItxungsber.  <l.  WUnbaig.  pb/«-' 
m»1.aL-<if;Uach.,  1888.     Snlk'jwski,  Vircliow-FesUtchriri,  1801. 

'  Biiuer.  Zfitscbr.  f.  Biolof^le,  Ril.  7:  Loo,  ZeUscbr  f.  [iliyslol.Cliem.,  Bd.9;PollnuBU 
PflUsttT'sArcU.,  Bd.  70;  PUdRcr.  PUBf^-r's  Arcb..  B^irf.  51  and  71. 

'ZdtliBcbr.  f.  Biologie.  Ud.  8. 

•  UcUiR'a  Anttl..  Suti[)l.  2.  and  ZeiUclir.  f.  Bloliigle.  Bdtl.  6  aod  7. 

•  PtlQiier'a  Arcb..  Bd.  61. 


^ 


FOllMATrOiV  OF  FAT. 


which  were  continued  for  a  e«no8  of  rears,  were  subject  to  such  ^eat  ilef<-cta 
tliat  ihey  are  not  conclasivo  as  to  the  formation  of  fat  from  protcida.  He 
especially  emphasizes  the  fact  that  thesis  iiivestigutorB  storied  from  a  wroug 
assumption  as  to  the  elementary  composition  of  the  moat,  and  that  the 
qnantttv  of  nitrogen  aasumod  by  them  was  too  low  ami  the  quantity  of 
carbon  too  high.  The  relationship  of  nitrogen  to  carbon  in  meat  poor  in  fat 
■was  aasumed  by  Voit  to  be  as  1  :  3.68,  while  acc-ording  to  PplOoeb  it  is 
1  :  3.22  for  fat-freo  meat  aftor  deducting  the  glycogen,  and  aocording  to 
BuBKEU  1  : 3,38  without  deducting  the  glyct^en.  On  recalculating  the 
experiments  using  these  coefiicivntfi,  PFLCnr.a  haa  arrived  at  tho  conclusion 
that  the  assumption  as  to  the  formation  of  fat  from  proteids  finds  no  support 
jn  these  experiments. 

lu  op]>osition  to  Ihsse  objections  E.  YoiT  and  M.  Cremkr  hare  made 
new  feeding  experiments  to  show  the  formation  of  fat  from  proteids,  biil  tho 
proof  of  these  recent  inrestigations  hiw  bfen  denied  by  rpLt'oKit.'  On 
feeding  a  dog  on  meat  poor  in  fat  (containing  a  known  quantity  of  other 
eitractivos,  glycogen.  nitrojj;en,  water  and  ash),  Ki'HAoawa'  could  not  prove 
the  formation  of  fat  from  proteids.  According  to  him  the  animal  body 
under  normal  conditions  has  not  the  power  of  forming  fat  from  protcid. 

Sevenil  French  iiivfistigalors,  especially  CitAfVKAi*,  GAtmER  and  Kai'Pa 
VAHN,'  consider  the  formation  of  fat  from  proteids  as  positively  proved. 
Kacfmann  has  recently  substantiated  this  view  by  a  method  which  will 
be  s|M>k«n  of  iu  detail  in  Chapter  XVIII,  in  which  ho  studiwl  the  nitro- 
gen cHminatiun  and  the  respiratory  gas-exchange  in  conjunction  with  the 
simultaneous  formation  of  heat. 

1  As  wo  are  agreetl  that  carbohydrates,  glycogen,  as  well  as  sugar,  can  be 
formed  from  proteids,  we  cjinnot  deny  the  fa«^t  that  posailily  an  indirect 
formation  of  fat  from  proteids,  with  a  carbohydrate  as  an  intermediate  stcpt 
can  take  place.  The  possibility  of  a  direct  fat  formation  from  prol^^iils  with- 
out the  carbohydrate  as  intermediary  must  also  lie  generally  admitted,  al- 
though such  a  formation  has  not  beun  conclusively  proved. 

According  to  CiiAi  veau  and  KALFMAfis,  in  the  direct  formation  or  fat 
from  prutuids  the  fat  is  formeil,  lieaidcs  urea,  carbon  dioxide,  and  water,  as  an 
intormeitiary  product  in  the  oxidation  of  the  proteids,  while  Gautiku  con- 
siders the  formation  of  fat  from  proteids  as  a  clcaTogo  witliout  taking  np 
oxvgcD.     T>REcn.sKL*  lias  called  attention  to  the  fact  that  the  jiroteiil  mole- 

>V()lt,  Mancb.  mod.  WocbctiKbr.,  1898.  cited  from  Maty's  Jnlircsber..  Dd.  22; 
Cramer,  Mnncb.  mod.  Worhenschr.,  1897;  PftRger  in  PHnjior's  Arrli..  Bil,  68. 

*  lit  TOj^rd  lo  lli«  ijiicsrlirtti  na  lo  Ibe  formntlon  of  fnt  from  prnteld  in  tlj«  fliiimnl  hotly 
wc  Ctmniiinimiions  of  Ihe  Med.  Fnculty  of  Iba  Iinperinl  UtitTenlty  of  Japsn,  Tokio, 
Vol.  3.  1894. 

*  Kaiifmiitin,  Arcti.  de  Pbytlol.  (5),  Tomo  8,  whicfa  also  vitct  tb«  works  of  Cbauveau 
and  Gutitiar. 

*LadeDburg'a  HsuiIwOrterbucb  dcr  Olicm.,  Bil.  S.  8.  548. 
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cule  probibly  originally  contains  no  ratlieal  with  more  than  eix  or  niae  carbon 
atoms.  If  ftit  is  formed  from  proteid  in  the  animal  body,  then,  according 
to  Dkecusel,  such  formation  ia  not  a  splitting  o9  of  fat  from  the  proteidi^ 
bnt  rathor  a  Bynthefiis  from  primarily  formed  cleavage  products  of  protuids 
which  are  deticient  in  carbon. 

The  formation  of  fat  from  carbohydrates  in  the.animal  body  was  firai 
anggestad  by  LiRHio.  Thi»  was  combated  for  some  time,  and  tiatil  lately  it 
was  the  general  opinion  that  a  direct  formation  of  fat  from  carbohydraui* 
had  not  been  proTod,  but  also  that  it  was  improbable.  The  undoubtedly 
greiLt  tndueuce  of  the  carbohydnitea  on  the  formation  of  fat  as  obserred  and. 
proTon  by  LiEBio  was  explained  by  tlio  statement  that  the  earboliydrat** 
were  consumed  instead  of  the  ubtiurbed  fat  or  that  derived  from  the  proteids, 
hence  they  have  a  spariug  action  on  the  fat.  Hy  means  of  a  series  of  nntri* 
tiou  experintentfi  with  UmhH  especially  rich  in  carbohjtiratcs,  Lawks  and 
Gilbert,  HoHSLtx,  Tschukwinsky,  Mkissl  and  Stkomer  (on  pigs),  B. 
BcHiTLTZG,  Ohaniewski,  E.  Voit  and  0.  Leuhakn  (on  geese),  I.  Mt'NK 
and  M.  IJr!iN>:ii  and  Li'mmhrt'  (on  ilogH)  ajiparently  prove  that  a  direct 
formation  of  fat  ftom  carbohydrates  does  actually  occur.  The  professes  by 
which  tnis  forinatiou  takes  place  are  still  unknown.  Ab  the  carbohydrate 
do  not  contain  as  complicated  carbon  chains  as  the  fats,  the  formation  of  fat 
from  oarbohytlrates  must  consist  of  a  S}'ntlie»i8,  in  which  the  group  CIRfH. 
is  convertod  into  CII^;  also  a  reduction  must  take  place. 

After  feeding  with  very  large  quantities  of  carbohydrates  tlie  relation- 
ship between  the  inspired  oxygen  and  the  expired  carbon  dioxide,  i*.*.,  thft 

respiratory  quotient  —f^,  v^  found  greater  than  1  in  certain  caaea  (Uak- 

RIOT  and  HiCHET,  lii.KrnTREU,  Kaitfhaxk,  Laitlaxi*').  This  is  explained 
by  the  assumption  that  llie  fat  is  formed  from  the  carbohydrate  by  a  cleavage 
aettiiig  free  cArbon  dioxide  and  wutor  without  taking  up  oxygen.  This  in- 
orease  in  the  respiratory  quotient  also  depends  in  part  on  tbeincreaaed  com- 
bustion of  the  carbohydrate  (see  Chapter  XVHI). 

When  food  contains  an  excess  of  fat  the  siipfprfluous  amount  is  storetl  up 
in  the  fatty  tissue,  and  on  partaking  of  food  deficient  in  fat  this  accumula- 
tion is  quickly  exhausted.     There  is  perhaps  not  one  of  the  variooB  tisauoa 
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■  Lawes  luid  Qilberl.  Pbil.  TraDSBCltoof-,  1856.  pan  S;  Soxhiet,  sec  Maly's  .Ifthrefttwr.. 
Bd.  11,  S.  61:  TacberwIiJHky,  LaDilwirthacti.,  Veraucbssiaat,  IM.  28  (citnl  from  Malv** 
J&lireitber.,  Bd.  13):  Mclul  and  Stromer.  Wka.  SiuuiigHbir.,  It<l.  88,  Abth.  3;  SchutiKf>, 
Haly's  Jahresber.,  Bd.  11.  S.  47;  CbnolGwaki,  Zeitacbr.  T.  Ri.>lngJe,  Bd.  SO.  Volt  auJ 
LebinkiKi,  K«  C.  v.  Yoil.  8!txuiig«t>er.  d.  k.  twyer.  Akw).  d.  WiHwiisrli.,  ISS-'i;  I.  Munk. 
Vlrehow'a  Arch..  Bd.  101;  Rubner.  Zeitsrhr.  f.  Hlrtlogle.  B-1.  52;  Luinmen.  Pflugvr^ 
Arch  .  B([.  71. 

■naorioc  aad  IllcLet,  Ann&L  de  Cbfm.  et  de  Phya.  {8).Tniii>>  22;  BWfbtmi.  Pflflgpr* 
Arcb.,  Bit.  S6i  Kaiirtaann,  Arch,  de  PbyaJol.  (5],  TomaS;  Ltoilanli,  OM.,  p.  TVt. 
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^hat  decreases  bo  much  in  starvation  as  the  factj  tissue.  The  orgauism,  then, 
possesses  in  this  tissue  a  depot  where  there  is  stored  during  proper  alimenta- 
tion a  nutritive  substance  of  great  importance  in  the  development  of  heat 
and  vital  force,  which  substance,  on  insufficient  nutrition,  is  given  o£F  as 
may  be  needed.  On  account  of  their  low  conducting  power  the  fatty  tissues 
become  of  great  importance  in  regulating  the  loss  of  heat  from  the  body. 
They  also  serve  to  fill  cavities  and  as  a  protection  and  support  to  certain  in- 
ternal organB. 


CHAPTKR  XL 


MCSCLE. 


Striated  MuRcles. 

tf  the  study  of  the  muscles  the  chief  problem  for  physiological  chcm- 
iatry  is  to  isolate  their  different  morphologioal  elements  and  U>  inTestigata 
ench  eloment  separately.  By  reason  of  the  coinpIicateJ  strncture  of  the 
muscles  tbii)  hiis  Wii  thiiH  far  uliiiost  iiiipossiblo,  and  wo  niuat  bo  satUtied 
Rt  the  present  time  witli  u  few  mioro-chemlcal  reactions  in  the  inreati- 
gation  of  th>e  chemical  composition  of  the  muscular  fibres. 

Each  musck-tube  or  musclo-fibre  consists  of  u  Hlieuth,  thd  SaHCOLRMNI, 
which  seems  to  be  composed  of  a  snbtitanc«  similar  to  clastin,  and  con- 
taining a  large  proportion  of  proteid.  This  Ust,  which  in  life  ponesMs 
the  power  of  contraoiility,  has  in  the  inaotive  muscle  an  alkaline  reaction, 
or,  more  correctly  speaking,  an  amphoteric  Fraction  with  a  predominating; 
action  on  red  litnnijt-paper.  Uohmanx  has  found  that  tho  fresh,  inacttre 
muscle  shows  uu  alkaline  reaction  with  rod  lacmoiU,  and  an  acid  reactioa 
with  brown  turmeric.  From  the  behavior  of  these  coloring  matters  with 
various  acids  and  salts  ho  conclndos  that  the  alkalinity  of  the  fresh  mnsole 
with  lacmoid  is  due  to  sodium  bicarbuuule.  diphosphate,  and  probahly  also 
to  an  alkaline  combination  of  proteid  boiUes,  and  the  acid  rraction  witb 
turmeric,  on  the  contrary,  to  monophosphate  chiefly.  The  dead  muscle  has 
an  acid  reaction,  or  more  correctly  the  acidity  with  turmeric  increaaes  on  tlie 
decease  of  the  muscle,  and  the  alkalinity  with  Incmoid  dccrcasoa.  The 
difTereiioe  de^wnds  on  tho  presence  of  a  larger  quantity  of  monophosphate 
in  the  dead  muscle,  aud  according  to  Koumaxk  free  lactic  acid  is  found 
in  neither  tho  one  case  nor  the  other' 

If  we  disri^ard  the  somewhat  dis]>uted  statements;  relative  to  the  finer 
structure  of  the  muscles,  we  can  differentiate  in  the  striated  ma«cles 
between  tho  two  chief  components,  the  doubly  rofractiiig— a/irV/ro/WMS — 
and  the  singly  refracting — i&otropous — subatance.  If  tho  muscular  fibres 
are  treated  with  reagents  which  dissolve  proteids,  such  as  dilute  hydro- 


'  The  Tftrlous  llieorles  in  regard  lo  Ihe  r«actloa  of  the  tnusdes  «ad  Uie  oauM 
ibemif  are  canflirtliig.  Bee  Rrtimann,  PBQgi>r's  Arcb.,  B<ld.  SOand  05;  HelTlrr.  Arrb. 
t  Up.  Pfttb.  u.  Fbunii..  Bdd.  31  nnd  38. 
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chloric  acid,  eoda  soIiitioD,  or  gastric  juice,  they  swell  greatly  and  break  tip 
into  *' Bowman's  (/i*/t«."  By  the  action  of  alooliol,  chromic  aci'l,  boiling 
water,  or  ia  general  such  reagents  ae  cause  a  ehrinkin^',  the  filjrcK  split 
longitudinally  into  fibrils;  and  this  Whavior  shows  that  several  cheniiddlr 
differont  substances  of  Tarions  Bolnbilities  enter  into  the  conRtmotion  of  the 
mnscalar  fibres. 

The  prot«id  myosin  is  generally  considered  as  the  chief  constituent  of  the 
diagomd  disks,  whiEo  the  ii^otropous  substance  conlains  the  chief  niaBs  of  the 
other  protoids  of  the  muscles  as  well  as  the  chief  portion  of  the  extractivos. 
According  to  tlie  observations  of  Danilrw3ky,  recently  confirmed  by 
J.  noLMrinF.ir,'  myofiin  maybe  conipletely  extrafte*!  from  the  mvist-le  with- 
out changing  its  stnicturo,  by  means  of  a  6^  solniion  of  aniiiioninm 
chloride.  Danii^ewsky  claims  that  another  protcid-likc  substance,  insolu- 
ble in  ammonium  chloride  and  only  swelling  up  therein,  enters  essentially 
into  the  atructnro  of  the  muscles.  The  proteida,  which  form  the  chief  part 
of  the  solids  of  the  muscles,  are  of  the  greatest  importance. 

Proteids  of  the  Muscles. 

Ijiko  the  blood  which  contains  a  fluid,  the  blood-plasma,  which  spouta- 
noously  coagulates,  separating  fibrin  and  yielding  blood-Berum,  so  also  the 
living  mnscla  contains,  as  first  »hown  by  KLinxx,  a  spontaneously  coagu- 
Uting  liquid,  the  muscle-plasma,  which  coagulates  quickly,  separating  a 
proteld  body,  myosin,  and  yielding  uIbo  a  serum.  That  liquid  wbicli  is  ob- 
tained by  pressing  the  living  muscle  is  culleil  muxcle-plasfna,  irhile  that 
obtained  from  the  dead  miiijcle  U  called  muscle~serum.  These  two  fluids 
cvntsiii  different  albuminous  iKtdies. 

Muscle-plasma  was  flrat  ])rcpareil  by  KChke  from  frog-muBctes,  and 
later  by  Ualuulktuk,  according  to  the  same  method,  from  the  muscles  of 
warm-blooded  auimaJa,  especially  rabbits.  The  principle  of  this  method  i» 
as  follows:  The  blood  is  remoTe<l  from  tlie  muscles  immedintely  after 
the  death  of  the  animal  by  piissiug  through  them  a  strongly  cooled  common- 
salt  solution  ot  6—6  p.  m.  Then  the  t^uickly  cut  muscles  tire  immediately 
thoroughly  frozen  so  tbat  they  can  bo  ground  in  this  8tat«  to  a  (iiM>  mast; — 
"muscle-snow."  Tliis  pulp  is  strongly  pressed  in  the  cold,  and  the  liquid 
which  exudes  is  calleil  muscle-plasma.  According  to  v.  FCrtk*  this  cooling 
or  fre«King  is  not  necessary.  U  Is  sufficient  to  extract  the  muscle  free  from 
blood,  as  aboTo  directed,  with  a  6  p.  m.  common-salt  solution. 

Huscle-plasma  forms  a  yellow  to  brownish-colored    fluid  with  a  strong 

■  Panllflwskf.  ZeiUcbr.  t.  pbytlol.  Cliem..  Bd.  7  :  J.  Holingrra.  Mnljr't  Jnlirtitlttr., 
Bd.  28. 

*  ttee  Eobne.  Ualsrsuctiuaseo  Qb«r  dos  ProtopSasmA  (Leipzig,  1804),  8.  2  :  Hallibur- 
tOD,  Joum.  of  Physio]..  Vol.  8  :  t.  FQrlU.  Arcb.  f.  eip.  Path.  u.  Pliann  ,  Bd.  88. 
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alkaliiio  reaction.     It  U  somcvlial  different  in  diOferont  aniinAt«.     Mnsclis 
jilii^'raa  from  the  frog  aiiontancously  coagulates  slowly  at  a  littlo  aboreO'^C,, 
but  <[iiickiT  lit  the  tttmiiL-niturt'  of  Llie  Iwly-    Muscle-|>lnsiii:i  from  inamiiubt 
coagulates,  aceonling  to  v.  PChitt,  even  slowly  at  the  tem|M!ruturo  of  tlio 
room.     Accordiojj  to  KCuNEaud  v.  FTrtii  tlie  reaction  remains  alkatini. 
during  coagulation,    while    uccordiiig  to   IlAi-LinirHTON  it  becomes  acid.1 
According  to  ttie  older  rievs  the  clot  consists  of  globulin  and  myosin,  wbilftj 
V.  FfttTH  claims  that  it  consists  of  two  coagtilated  proteids,  mvosin  fibrin] 
and  niyogen  iibriu.     As  the  study  of  the  proti.'id4  of  the  muscles,  ns  well  ai 
their  nomeclatun*,  lias  Iteeii  someu-bnt  developed  in  the  last  fov  yeare,  it  b 
necessary  to  separately  discuss  the  proteida  of  the  dead  mnscles  as  vdl 
ms  those  of  the  muscle-plasma. 

The  proteida  of  the  dead  muscles  aro  in  part  soUiblo  in  water  or  dilata 
salt  solutions,  And  part  arc  insoluhlo  therein.     Myosin,  mnsculin,mToglobo' 
lin,  and  myualbiimiu  belong  to  tho  tirst  grou]),  and  the  stroma  substancecl 
of  the  muscle-tuhes  belong  Lo  the  second  group. 

tfyoiin  was  first  discovered  by  Kt:nN"K,  and  constitutes  tho  principal 
in:is3  of  tUo  soluble  proteida  of  the  dead  muscle,  and  is  generally  considered' 
as  Iho  most  essential  eoognlation  product  of  mnsclc-plasma.  AVith  the 
iianiQ  myosin  KOirKK  also  designates  the  mother-substanee  of  the  plasma- 
ciot,  and  this  mother-substance  forma,  according  to  certain  inrestigators, 
tho  chief  mB?s  of  contractile  protoplasm.  Tho  statements  as  to  tho  occar- 
renco  of  myosin  in  other  organs  Imsides  the  muscles  require  further  proof. 
The  quantity  of  myosin  in  the  muscles  of  different  animals  raries,  accordinj^: 
to  Danilewsky,'  between  30 and  110  p.  m. 

Myosin,  as  obtained  from  dead  muscles,  is  a  globulin  whoso  elementary, 
■composition,  according  to  CuirrENKEN  and  Cummins,*  is,  on  an  averagSt' 
the  following:  0  52.83,  U  7.11,  N  16.17,  S  1.27,  O  23.03^.  If  the  myosin 
separates  as  fibrcH,  or  if  a  myosin  solution  with  a  minimum  quantity  of 
alkali  is  allowed  to  evaporate  on  a  microscope -slide  to  a  gelatinous  mass, 
■doubly  refracting  myosin  may  be  obtained.  Myosin  has  tho  general  prop- 
erties of  tho  globulins.  It  is  insoluble  in  water,  but  sohiblo  in  dilute  saline 
«nlutia))fl  AS  well  as  dilute  aeids  or  alkalies,  which  readily  conTcrla  it  into 
albuminates.  It  is  completely  precipitated  by  saturating  with  NaCI,  also 
Itty  MgBO^,  in  a  solution  containing  04^  of  the  salt  with  its  water  of 
orystallization  (Hallibubtok').  Like  fibrinogon  it  coagulates  at  -^-  56'  0. 
in  a  solution  containing  common  salt,  but  differs  from  it  since  ander  no  cir- 
-cumsUinees  can  it  be  couTorte<l  into  libriii.  Tlio  coagulation  temperature, 
according  to  CitiTTSKnEN  and  Cummins,  not  only  varies  for  myoflin  of  dif- 
ferent origin,  but  also  for  the  same  myosin  in  different  salt  solutions. 

'  Zeilhclir.  f.  iihyiiol.  Clicm..  B<3.  7. 

*  StudiM  frum  the  Ftiyslot.  Chem.  LuborKtor;  oC  Yata  ColUge«  Kew  Uftveo,  Vol.  X 
!>.  lis. 
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Srrosin  may  ^o  prepared  in  the  following  way.  ns  sogpoBted  by  Halli- 
Ei'RTo.v:  'i'lie  rauaclo  is  first  extriicrcd  by  a  5^  magnesinm-eiilpliftte  aoln- 
tioiu  'I'lie  nUuretl  extract  is  tiiett  tre-utc<i  witli  m:i;;ti(.-siuni  suhilmto  in  Kiib- 
stance  until  100  c.c.  of  the  lu[ui(l  contains  about  50  grms.  of  tlie  »ilt.  Thd 
eo-talled  piinwnTosinogen  or  nmsciilin  seimrntes.  The  filLcreil  liquid  is  then 
treated  with  mu^ioeiiim  sulpliuti^  until  each  100  c.c.  of  tlie  liqoid  liolds  H 
grms.  of  tho  salt  in  solution.  The  myosin  wliicli  now  ecpitrntcB  is  filtered 
off,  di»iot%'cd  in  wat«r  by  aid  of  tho  retuined  salt,  precipitat^'d  by  diluting 
with  water,  and,  when  necessary,  pui-iSed  by  rediseolving  in  dilute-ealt  solu- 
tion and  precipitating  with  water. 

Tlio  older  uikI  iK-rliap^  tlie  osual  niDthod  of  preparation  conRistis,  iiccord- 
ing  to  DANrLUWSKY,'  in  extmccing  the  nmscle  with  a  G-10^  animoniiim- 
chloride  Bohition.  prot-ipilating  tliL*  myosin  from  the  filtrate  by  Btrongly 
diluting  with  water,  redi<3solving  tlie  precipitate  iu  ammonium -chloride 
sohition,  and  tho  myosin  obtained  from  this  ttolution  is  cither  reprecipitalod 
by  diluting  with  water  or  by  removing  tJic  salt  by  dialysis. 

MascuUn,'  called  I'ABAUVosinoqek  by  liALLiBtitTON,  and  myosin  by  t. 
FCbth,  is  a  globulin  which  is  characterized  by  ita  low  coag^alatloa  tcmperft* 
tiire.  about  +  47"  C,  which  may  vjwy  in  diflorent  species  of  animals  (-j-  45* 
in  frogs,  +51°  C.  in  birds).  It  is  more  easily  precipitated  than  myosin  by 
KaClorMgSO^  (salt  containing  CQ^t  wat^rof  crystallization).  AccortUngto 
T.  FCitTTi  it  ia  prooipitatctl  by  ammonium  sulphato  with  a  coricoutration  of 
12-24  p.  m.  If  the  dead  muscle  is  extracted  with  water  a  ]>art  of  tlie  iniit^ulin 
goes  into  solution  and  may  be  precipitated  therefrom  by  carefully  acidifying. 
It  sepuratcs  from  a  dilute  stdt  sohition  on  dialysis.  Muscniin  rea«lity  jtasses 
into  an  insoluble  modification  which  v.  FOrth  cAW&inyonivJihrin.  Miisculin 
is  called  myosin  by  y.  FCkth,  as  he  considers  it  nothing 'but  myottin.  As 
musculin  has  a  lower  coagulation  temperature  and  has  other  precipitating 
properties  for  neutral  suits  than  the  older  substance  oalleil  myosin,  it  is 
diflioult  to  concede  to  this  riew. 

Mtfoglobttlin.  After  the  soparation  of  the  musculin  and  the  myosin  from 
the  salt  extract  of  the  muscle  by  means  of  MgSO,  the  nivoglobnliii  may  be 
precipitated  by  satuniting  the  filtrate  with  tho  salt.  It  is  similar  to  ser- 
globulin,  but  coagulates  at  -f- 63*  G.  (UALLiBittTox).  MtioaUvmin,  or 
muscle-albumin,  seems  to  be  identical  with  seralbumin  (Hcralbumin  a,  accord- 
ing to  IlALLIBrRTOK),  nnd  probably  only  originates  from  tho  bUkod  or  Ihe 
lymph.     Albumoses  and  peptone  do  not  seem  to  exist  in  the  fresh  muscles. 

After  the  complete  removal  from  the  muscle  of  all  proteid  bodies  which 
are  soluble  in  water  nnd  ammonium  chloride,  an  insoluble  proteid  remains 
vhicb  only  swellit  iu  ammonium-chloride  sohition  and  which  forms  with  the 
other  tnsolablo  constituents  of  the  muscular  fibre  the  "  muscl^-stroma." 


)  Zeltaclir.  f.  pliy^ol.  Cbflm  ,  Bd.  B,  S.  1S8. 

*  As  we  Imvc  up  to  tlio  preseot  do  conclutlre  basis  for  tbe  Meotlly  of  the  globulins 
called  m^Min  ftiid  pftmmyosInogcD,  koiI  also  u  Ibe  use  of  filename  myn*ln  fnr  thi;  Inu- 
menttoiicd  lutul&Dce  mty  readily  cause  confuilou.  tbe  Atrmoa  does  not  (eel  JtuiUed 
Id  dropping  tbe  old  oamc  luuacuUn  (Nas&e). 
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According?  to  DANtLEWSKV  tho  umouDt  of  Buch  stroma  substance  is  con- 
nected with  the  inuaclo  activity.  He  raaiiitaiiifl  that  the  muscles  contain  a 
greater  amount  of  this  subatanoo,  comparod  with  the  myosin  present,  when 
the  muscles  are  quickly  contracted  and  relaxed. 

According  to  J.  Hoi.MOREN'thisBtroinasubatance  docs  not  belong  to  either 
tho  nucleoalbumin  or  the  nuoleoproteid  group.  It  is  not  a  glycoproteid,  m 
it  does  not  yield  a  reducing  aubstatico  when  boi1c<l  with  dilnto  mineral  ackIb. 
It  is  ViiTy  similar  to  coiigulated  proteidts  aud  ditisolves  in  dilute  alkalies,  form- 
ing »u  aLbunitnuto.  TJie  oleiiiuiitury  ci}ni]iu)>itiuu  of  tliis  substance  is  nearly 
the  same  as  that  of  myosin.  There  is  no  doubt  that  the  insoluble  substances, 
myoflbriu  and  rayosinBbrin,  which  are  formed,  according  to  v.  FCrth,  in  ttio 
coagulation  of  the  plasma,  occur  also  among  the  stroma  substances.  Whtu 
tho  muscles  are  previously  extracted  with  water  the  stroma  substance  ul&o 
contaim  a  prn't  of  the  myosin  hereby  made  insoluble.  To  the  proteidjs  in- 
soluble in  water  and  neutral  siUt  belongs  the  nuclcoproteid  detected  by 
Pekeliiabino,'  and  occurring  as  traces  and  soluble  iu  faintly  alkalinevatei, 
and  which  originates  probably  from  the  muscle  nuclei. 

Ma$tU-t!/nlariin.  which  tniiy  bn  oblnin»l  by  cjlniiTlin^  the  tnusclp-i  whli  hydro- 
chloric  aciil  of  1  i>.  m.,  and  which,  iiccordhij;  la  K.  MunNsa,  U  IvsB  sohible  nod  biiA& 
grvsier  aptiiuile  (u  preclpilnto  than  ulliar  acitl  albumins,  soetns  not  Ui  occur  prefonneii  id 
ihe  muflolea. 

Proteids  of  (he  Museh-plasnia.  As  above  stated,  we  consider  as  myosin 
the  coagulated  modincatioii  of  the  soluble  proteid  e.YisUng  in  the  masclo- 
plasma.  As  in  blood-plasma  we  have  a  math^r-substance  of  fibrin,  Qbriuogea, 
60  also  there  exists  in  the  nuisctu'plusmu  a  muttier-substanoe  of  myosin,  ft 
soluhto  myosin  or  a  mffosincff^n.  This  body  has  not  tlius  far  been  isolated 
with  certainty.  Ea.li.ibl:bton^,  who  has  detected  in  the  muscles  an  eDzyin«> 
like  substance,  "  fnrfo.thi-ferment,"  which  ia  related  but  not  identical  with 
fibrin-ferment,  has  also  ftiund  that  a  solutinu  of  puriSed  myosin,  indihite-salt 
•olution  (5^  ^^SOJ,  and  sutTiciently  diluted  with  water,  coagulates  after  i 
certain  time,  and  at  the  same  time  becomes  acid,  and  a  typical  myosin-clot 
separates.  This  coagulation,  which  is  accelerated  by  warming  or  by  the 
addition  of  myosin-ferment,  is,  according  to  Hallidcbtok,  a  process  analo* 
goua  to  the  coagulation  of  the  mnsole-plasma.  According  to  this  sjime  in- 
vestigator,  myosin  when  dtstiolved  in  water  by  tho  aid  of  a  neutral  salt  is 
^converted  into  myosinogen,  while  after  diluting  with  water  myosin  is  again 
produced  from  the  myosiuogen.  No  definite  conclusion  can  bo  drawn  from 
these  observations. 

Besides  the  traces  of  globulin  and  alhomin,  which  perhaps  do  not  belong 
to  the  muscle-plasma,  we  find  in  mammals,  acconling  to  v.  Ff  ktk,  two  pro- 
teidfl,  namely,  musculin  (myosin  according  to  v.  FCkth)  and  myogen. 

>Sec  Danilvwskjr  apd  Holmgren,  (oot-oate  1,  page  388. 
*  Zduchr.  f.  pbyalol.  Cbeiti..  B6.  9S. 
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ML'SCUUM  (Nassb)  =  paraDiyoainogeQ  (Ualubl'kiok)  =  myosin  (r. 
FObtu)  fornis  abuiit  ZOjl  of  the  toU»l  protcids  of  the  muscle-plmmu  of 
r&bbits.  Ita  properties  liave  already  bceti  gireti,  antl  it  is  sufficieul  to 
romark  that  itd  solutions  become  cloady  on  standing,  and  a  precipitate  of 
myosin-fibriyv  occurs,  which  is  insoluble  Ju  salt  solutions. 

Myogen,  or  m  yosixooek  (IlALUBUiiTOX),  forms  the  chief  niasa,  7!>-S0]t  of 
the  protaids  of  rabbit-muscle  plasma.  It  does  not  separate  from  itsaoln- 
tions  on  dialysis  and  is  not  a  true  globulin,  but  a  protcid  $Hi  generis.  It 
coagulates  at  55-56°C.  and  i»  precipitated  in  the  pretieiicu  of  34~jO,'(  ammo- 
nium sulphate.  Myogen  solutions  are  precipitated  by  acetic  acid  only  in  tho 
presence  of  some  salt.  It  is  converted  into  an  albuminate  by  alkalics>  this 
albuminate  being  precipitablo  by  ammonium  chloride,  Myogen  passes 
B|)ODtaneously,  especially  with  higher  temperatures  as  veil  as  in  tlie  presence 
of  salt,  into  an  insoluble  modiiication,  myogen-fibrin.  A  proteid,  coagulating 
at  30-40^  C,  soluble  myogen-Jibrin  is  produced  as  soluble  intermediate  step. 
This  snbfltance  occurs  to  a  considerable  extent  in  natire  frog-muscle  plasma. 
It  does  not  alvays  occur  in  the  muscle-plaama  of  vami- blood eil  animids,  and 
when  it  docs  it  is  prcscut  only  to  a  slight  extent.  It  can  be  sejiaratcd  by 
precipitating  with  salt  or  by  diffusion.  HALLlBt'itTOK's  a!>gumption  as  to 
the  action  of  a  special  myosin  fennem  lias  not  euflicient  Iwsis,  according  to 
v.  FCrtu,  nor  has  the  often-admitteti  analogy  witli  the  coagnlation  of  the 
blood.  Tho  difference  between  tlie  musculin  and  tlie  myogen  lM>coming 
insoluble  is  that  the:  musculin  passes  into  royosin-flbrin  without  any  soluble 
iatermediate  steps. 

Hyogen  may  be  prepared,  acconliiig  Ui  v.  FCrth,  by  transiently  heating 
the  dialysed  and  filter<-a  plasma  to  5^"  C, separating  it  in  this  way  from  the 
rest  of  the  musculin.  The  myogen  exislii  in  the  nen-  tiltrate  and  can  be 
jirecipitateti  by  anunoniiim  sulphate.  The  musculin  may  also  be  removed 
by  adding  28ji  ammonium  sulphate  and  then  precipitating  the  myogen  from 
the  filtratt'  by  saturating  with  the  salt. 

If  the  myogen,  as  x.  FCbtii  claims,  is  no  gloiolin  it  cannot  be  identical 
with  IIalliiiurtos's  myoainogen,  and  it  is  also  difficult  to  bring  themjngea 
in  certain  relatioushiji  to  KChnp/s  myosin,  which  is  also  a  globulin.  Asmusou* 
liu  (paramyosinogen)  does  not  yield  any  myosin  clot  on  coagulation,  and  as  it 
differs  from  El-iiki:'9  myosin  from  dead  muscles  in  coagulation  temjierature 
t»  well  as  precipitation  properties,  it  is  hardly  possible  to  bring  the  experi« 
enco  of  the  older  inreatigators  into  accord  with  the  observations  of  v.  I'Crth, 
and  hence  further  researches  ou  this  subject  arc  greatly  to  be  desired. 

MyoproUid  is  a  proteid  found  by  v.  KCrth  in  tho  plasma  from  fish- 
muscles.  It  does  not  coagulate  ou  boiling,  is  precipitated  by  acetic  acid,  and 
considered  as  a  compound  proteid  by  v.  FCrth, 

MufcU-pigments.  There  is  no  qnestion  that  the  red  color  of  the  musclea 
I     even  when  completely  freed  from  blood  depends  in  part  ou  hsmoglotiin. 
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K.  MuBKER  has  BhowD  that  masclo  haemoglobin  is  not  identical  irith  blood- 

hiemoglobin.     Tho  statoment    of  MAcitrsN  Uiat  in  the   innscIeB  another 

pigment  i>C(:ni-s  which  is  aJliccl  to  hffmochromogon  &>ul  mlled  mi/olunnatin 

bv  him  hiiB  not  been  subs  tan  tiutecl,  at  loost  for  muscles  of  higher  animali 

(Levy  and  MOknek').     MaoMusn  claims  that  mvoliKmatiti  oocars  in  the 

muscles  of  insects,  which  do  not  contaiu  any  hiumoglobin. 

The  m1<ii!>li-7c1li>w  cnloriiifc  mnttiir  of  the  niiuclea  of  t)>e  mltudn  htis  b««n  little 
■tadied.  Tiaces  of  vuz^Tintr^.  tucU  u  pepsin  nnd  dIastaUc  enzymei.  bava  been  found  in 
tb«ai,  Tlie  an  rulled  "  myiisiii-feinH-rii."  niid  probiiWy  an  eDz.j'ine  produclDg  laciic-acid 
fermeotalloo,  ate  ulsu  fouuil  \a  tUisc  muscles. 

Kxtracti^'e  BodlcH  of  tho  Muscles. 

The  nitroffenotts  extractives  consi&t  cliiefly  of  crmtxnt  on  an  average 
1-4  p.  m..  iu  the  fresh  muscles  cuutaiaiug  wuter,  also  the  santliin 
htfpoxunthin  and  zanthin,  h^u^as^  gunnin  and  carnin.     The  arcrago  quaoti-] 
ties  of  hypoxanthin,  xunUiio,  and  guanin  in  1000  parts  of  tiie  dried  snb-J 
stance  of  the  musclea  of  oxen  are,  according  to  Kossel,'  resiwctively  2.30, 
0.^3,  and  C.iiOgruis.,  and  in  the  embryonic  ux-muscles  respectively  3.&9, 
1.11,  and  4.12  grms. 

Among  the  habitually  occurring  nitrogenous  extractives  ws  should  mon< 

tion  phosphocannc  acid  and  also  inosinic  mid,  which  is  perhaps  allied  to  iL 

Among  tlte  extnicUve  substances  ve  also  flud  tlic  acltl  found  bj  Liurniciir  fa  ibt 
flcsli  <>t  ccrtaiu  cypriudca,  tiiiiitdy,  llifi  nilTOgeuizcd  protie  «<-id  aud  uoerentinin*  fount" 
lijr  J.  TaKssy  iu  hiili-flc«li.  Vn'c  anW,  urra,  I'lurin,  mid  Irurin  urv  foiiQil  u>  traces  (l 
the  muaclra,  iu  ccrtabi  fJisca  only,  tif  a  few  tpccii's  of  ntiininls.  In  rocnrd  to  ths^ 
smouiitof  these  different  extnictlvcs  in  tlic  muscles,  KiccsEMBGitu  aud  Wagner  *  have 
nliown  lliat  it  Tari^-s  grrnlly  in  dllTcn-nt  mijiiiuls.  A  iHr^*^  qiinnlily  of  urra  is  found  ta 
the  miisck'g  c>f  llio  i^hiirk  and  my:  uric  acltl  in  found  in  alligalora;  IntiHn  In  cepbftlopcdft; 
glycocott  Iu  uuilluskii.  pvctcn  IrrftdiaoD,  untl  ereatinin  In  Inrarun  Inipctialis,  etc.,  etc.  Tba 
reports  an)  Tcry  coutnidintory  in  regurd  lo  thp  nmirrenre  of  iiren  In  the  mu^lca  ol^ 
bl{;bflr  aaimalB  According  tu  the  rcci-ut  inTenigaUoui  of  IvArTHAHK  and  &CBi>NUORl 
tircn  )h  n  rpgulnr  ctmstitiioit  of  Itie  uiuscIg!!,  wTiile  M.  Nrscki  and  EowaRski  *  cinim  ' 
that  (bis  ifl  noi  so,  ScliOndrvrfl*  bus  prepared  itrea  In  substance  fmrn  the  musclcsof  dogs 
and  oils  nrid  identitiert  It  by  elementary  analysla.  The  (luautity  of  urea  iu  the  luuBclel 
Was  on  Ml  average  of  0.S84  p.  m. 

The  xautbiu  bodies,  with  the  excoption  of  carnin,  have  been  treated  oni 
pages  11G-I2I,  aud  therefore  among  the  oitractivo  bodies  wo  will  firet^ 
consider  the  crcatin. 

Creatia,    C\U,N,0,  +  H,0,  or  UETnTLOUANiDtx-ACETio  acid,  NH  : 
C(Nnj.N(Cn.).Cn,.COOII+H,0,  occurs  in  the  muscles  of  Tertebrato 

'See  JIacMuun,  Pbll.  Tran».  of  Hoy.  3oc..  Vol-  177.  part  1.  Joum  of  Pbycfcil.. 
Vol.  S,  and  ZeilKchr.  f.  phyaiul.  Cbem.,  Bd.  IS;  Lery,  Md..  Bd.  13;  K.  HOnKUt.  NonL 
Med.  ArchiT.  FcsUmnd.  189T.  and  Haly's  Jabrctber..  Bd,  87. 

» ZeiUrhr.  f.  physiol.  Chcm,,  M.  8.  S.  408. 

'See  Licnpricht,  Annal.  d.  Chem.  a.  Pbarrn..  Bd.  1S7:  and  Theien.  ZdCscfar.  C 
pbytlol.  Chem..  Bd.  24. 

*ZeItitchr.  f.  Btologfe,  Bd.  31. 

'  Kaufuiaun,  Arcb.  de  Phyalol..  (5)  Tome  8  ;  ScbOndorfl.  PflQger's  Arch..  Bd. 
Veuc}il  and  Eowarskl,  Arcb.  f.  exp.  Path.  u.  Phunn.,  Bd.  86. 

•Pflftgeri(Arch..Bd.74. 


animals  lu  viiriable  amouiita  in  diffureiit  speciec  ;  tho  largest  quantity  is 
found  in  binls.  It  is  also  found  in  the  1>niin,  Uooi],  tmnsiidutioDs,  and  the 
■miiiotic  fluid.  Creatin  may  be  prej^ai-cd  syntbetically  from  cyaiminid  and 
sorcooio  {methylglycocoll).  On  boiling  with  baryta-wacer  it  <lecom]io(M!«, 
with  tho  addition  of  water,  and  yields  uroa,  earcosin,  and  certain  other 
prodncU.  Becanse  of  this  bchaTior  Beveral  iuTeatigatore  consider  craitin  as 
a  step  in  the  formation  of  \ircu  in  the  organism.  On  boiling  with  aciJit 
creatin  is  easily  couverte*!,  with  the  eliniiniition  of  water,  into  crcatinin, 
C\HjX,0,  which  ocenre  in  urine,  and  which  has  al^  boon  found  in  the 
muscles  of  the  dog  by  Monari  '  (see  Chiipttr  XV'). 

AccuriliQK  to&T.  JoHHtiO!!  no  ciealin  occtm  in  the  frvsti  f^eftbufoxiui,  but  n  cm- 
iliiiii.  difTerlDg  front  (hat  found  in  urine;  bui  tii!»  KUloiient  iit  incorrect  accord  lu  g  lo 
WOBIIKER.* 

Creatin  crystalliMS  in  hard,  colorless,  monoclinic  prisms  which  lose  their 
water  of  crystallization  at  100°  0.  It  dissolves  in  74  parts  of  water  at  the 
ordinary  tcmpcraturo  and  9410  parts  absolute  alcohol.  It  dissolves  more 
easily  with  tho  aid  of  heat.  Its  eatery  solution  has  a  neutral  rejiction. 
Creatin  is  not  dissolved  by  ether.  If  a  cruatiu  solution  is  boiled  with 
precipitatwl  mercuric  oxide,  this  is  rotliiced,  eHpe<'i!iIly  in  the  presence  ol 
alkali,  to  mercury  and  oxalic  acid,  and  the  foul-sniGlling  mothyluramin 
(methylgnanidin)  is  developed.  A  solution  of  creatin  in  water  is  not  procipi- 
tated  by  bmic  lead  acetate,  but  gives  a  white,  flaky  precipitate  wit-h  mer- 
curous  nilrute  if  the  w^id  reaction  is  nentralizcd.  When  boiled  for  an  hour 
with  dilute  hydrochloric  ocid  creatin  is  converted  into  creiitinin,  and  may 
be  identifled  by  its  reactions. 

The  preparation  and  detection  of  creatin  is  best  performed  by  tlte  follow- 
ing nifthod  of  KErwArER,*  which  was  first  used  in  tlio  preparation  of  rrea- 
tin  from  muscles;  Finely  cut  flesh  U  extmcted  with  an  equal  weight  of  water 
at  -(-  55°  Iti  no°  C.  for  10-15  minutes,  pnased  and  I'XtnwU'd  again  with 
water.  The  proteids  arc  removed  from  Uie  united  extracts  as  far  as  possible 
by  coiigulatioii  at  boiling  heat,  the  filtnite  pre^^i|:iitated  by  the  careful  addi- 
tion of  basic  lead  acetate,  the  lead  removed  from  this  filtrate  by  H,S  and 
carefully  concentrated  to  a  small  volume.  The  creatin,  whicli  crystallizes 
in  a  few  days,  is  collected  on  a  filter,  washed  with  alcoliol  of  88^,  and  puri- 
fied^ when  neceBsary,  by  recrystallization.  The  Quantitative  estimation  of 
creatin  is  performed  according  to  the  samo  method. 

Iio«ra>tinln,  Is  n  crcnttuln  Jwniierte  -with  onltuBry  crentinhi  and  found  liy  Thrsek  * 
ill  I1i<?  lli^b  III  llie  codfltb.  Il  crvitiiUtzee  In  ydlow  neeiUcs  or  plates,  U  mure  ti»liiMt!{a 
(Villi  witter,  bill  moro  ineoliiljlc  hi  nlcttlinl,  iHnu  tlio  unilnnry  crcatinm,  and  pfves  a  plrniie 
whrclj  U  roftiiny  totiiblc  and  n  zinc  chlondr  coinhiuiuinn  which  U  rolnilvely  r9K<lily 
KuJublv,  It  eivi'S  Wktl's  mnlon  leas  rapidly,  and  does  not  give  iiietttyJgiiRiitiiin  on. 
Ireatmeut  wiili  potassium  permBnganate, 

•Staty'a  Jabreslwr   It.1.  19,  8.  30« 

*  Jabnsoo,  Proc.  Roy.  S<ic..  toK  48.  fiO  :  Woerner,  Du  Bois-Heymond's  Arcb.,  18B8^ 
and  Zetiscbr.  f.  pliysiol.  Olicm..  IJd.  87. 
=>Zeilacljr.  I.  nualyl.  Cbem.,  Bdd.  3  aod  0. 
«L.e. 
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Camin,  C,H,N^O,  +  11,0,  is  one  of  tlio  sHbstauces  fomid  by  Weidel  in 

Amci-iciiii  niuitt  eitni<jl.  It  li:us  itlso  boon  fuuud  by  Kiu'KFIXBERO  and 
Wagnbk  in  frog-muscled  and  in  the  flesli  of  Qshoa,  and  by  Puucucr'  ia  the 
urine.    Carnin  may  be  Iransfonnod  into  hypoxanthin  by  oxidatioo. 

Caruin  Ii»a  bi-f^ti  ubtaiticil  ai;  a  white  crystalline  mass.  It  dissolves  vith 
difficulty  ill  cold  wutor,  but  dissolrcs  easily  in  warm.  It  is  insoluble  iu 
alcohol  and  ether.  It  dissolves  iu  warm  hydrochloric  acid  and  yields  a  salt, 
crystallizing  i"  shining  necdlca,  which  gives  n  double  combinatioo  with 
platinum  chloride.  Its  watery  Bolution  is  procipitated  by  silver  nitrate,  bat 
this  precipitate  is  dissolved  neither  by  ammonia  uor  by  warm  nitric  ociJ. 
Curniu  dutfs  not  gifu  the  so-culli-d  \V):[iit:i.'t^  xanthici  reiictiuii.  Its  waterjr 
solution  is  precipitated  by  basic  lead  acetate;  still  the  lead  combinatioo  may 
be  dissoWed  on  boiling. 

C'arnin  is  prepared  by  the  following  method:  The  meat  extract  diluted 
with  water  is  coiri]ilel«ly  iirecipitatwd  by  baryta-water.  The  filtrate  is  pre* 
cipitiited  by  basic  lead  acetate,  the  lead  precipitate  boiled  with  water,  fil- 
tered while  liot,  and  sulphuretted  hydrogen  passed  through  the  filtrate. 
Ueniorc  the  lt>ad  siUphide  from  the  filtrate  and  concentrate  strongly.  The 
coucentratcil  solution  id  now  couiplctdy  proclpitattid  with  silver  mtrate,  the 
precipitate  wtislied  fn.-e  from  silver  cliloride  by  ammonia,  and  the  camin  sil- 
ver oxide  suspended  iu  water  and  treated  with  sulphuretted  hydrogen. 

Ph.oip^«oaraio  acid '  la  ii  cumpUcalt;d  sii balance,  first  laul&led  liy  SiEontiED  from  mat 
FXirRctfl,  w]it<:li  yieliiA  iiH  rlc-nvage  jtnttlucls,  tiuccmtc  acid,  citrtxtii  dinsttlc,  p)io«|>boHc 
acLil.  itiiiliicftrljaljyOraiegruup.  t>ugide9  ibe  previously  mentioned  c&iulc  ucdl.  It  eiuidi. 
acconliiig  to  Hii&(iFitiKU,  in  do&o  rc-latioutilitp  to  tlie  nucleiiis,  kikI  iis  il  yield*  pef>- 
tone  (c-initcucld),  li  lodi-xIgiiAlei  aa  a  nutteon  hy  SiF.OPniBD.  Pliogpliocarnlc  (urfdmn;  be 
prvcipitattMl  iia  nn  iron  cuxahm9.\.mu,  tarniftrriu,  fium  tliR  extract  of  ttio  muwIesTivs 
from  |>rot'  i<U.  KuT^iiaii*  claims  tbnt  curoIfcrrlQ  cacDolbcauait  boi.ly  on  accuuttt  of 
iu  itiulliui)  <if  |ir(.'))iira[i>iii,  Acrnnlinf;  lo  liirn  it  Ik  a  luixlm-e  t^[  iicni  OiiinMuntious  u( 
hoUTogLMK-uufl  iKMlicH.  Ttii;  quanllly  <jf  |i!iosp1iocttrtiicacitl,  calctilau-d  ascarttic  acid,  ctD 
bfi  determined  hy  itinlii[>lyiiig  the  quatitily  of  uitroeeo  in  Uie  cuiiibinatloii  by  tlic  (wtar 
fl.I337(BALKti  n'lid  Iue).  In  lid*  way  HiEOPHiKoToiiiid  0.57-2.4  p.  m.  carnip  actd  in 
llie  i-e«tiiig  iiiuscliM  of  lU«  dog.  and  M.  Mullbr  1-3  p.  ni.  in  tUo  mtiftcle  of  odulls  aad 
a  mnxlinum  nf  U  57  |i.  in.  iu  llioii«  of  uvw-bi>rti  InfaiiU.  Pbuspliuuaniiu  sckl  wlticb  hi* 
not  IccQ  prepared  pure  In  llio  fn'o  suie  Is.  according  lo  Sikofriij*.  a  source  of  crwrgy 
In  tlia  [niisciBH  iiud  is  t:<iii3ur]ied  during  wrk.  ItrrAJtlfK.  by  mtatis  of  its  properly  of 
farming  suliible  salt^  nitli  tliL'  Hikidiiii?  enrtiis,  aji  ai»i  itti  iron  (-otiibiuatlaii  soluble  )n 
hlk'ilie^.  It  Kt-rvrs  1*i  net  lut  n  nieaititof  trauaporlaliuti  of  these  bodies  in  tbc  auimal  iKidy. 

Fbosiihocarnic:  arid  ia  pici>ar«d  fnmi  tlio  cxlnicl  frro  from  proleiU  by  firat  reniovitiir 
the  plio»iilinic  by  CaCI*  and  NH,.     The  acid  i»  prKcipiWtcd  from  tbe  flUralc  wblli:  b"iJ 


log,  iiH  ciiriiiftTrfti  by  ferric  chiorida. 
Innlaio  Aold.     Tb 


i  bis  acid  wna  llral  iiiolateil  from  the  Ufsb  of  certain  niilmaU  br  LtB- 

Bio  uud  cluM-ly  8ludied  by  tlAiSElt.*    It  coDialns  phoapliorous.  is  smorpbous,  aiid^iTci 

'  VTeidel.  .Vniinl.  d.  Cturm.  u.  Pbaim..  Bd.  158;  Wagtit-r,  Siizung»ber,  d.  WQnb. 
p1iys -nicd.  Ucseilscb,,  1883:  Poucbet,  cited  from  Keubauer-Huppert.  Aaalyie  dM 
Barnes,  10.  Aufl.,  S.  385. 

*  la  rt-gnrd  lo  canilc  acid  nod  pbospliocanilc  acid  see  tbe  works  of  Bivgfrlcd,  Du  Bols- 
ReymoDd's  Arch.,  l&B-l,  Bcr.  d.  dculscb,  Chcm.  OcK)lacli.,  Dd.  S8,  and  Zeiucbi.  f.  pby- 
«fol.  Chem.,  Bd.  21 ;  31.  MQller,  i:^^;..  Bd.  32  ;  Xrflger.  ibid.,  Bd.  39  ;  Balkc  aud  lAt, 
Md.,  B(t.  31,  aod  Ualkc,  ffrkf ,  Bd.  32, 

»  Zeitfichr.  r.  pbysiol.  Chem..  Bd.  29. 

4  Llebif.  AQoaL  d.  Cliem.  u.  Pbarm,.  Dd.  63  :  Haiaer,  Monatsbcfte  f.  Cbem.,  Bd. 
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crjr«t«!'ine  mIu  wltli  barium  ntid  c«lc!um.  Irs  fimuul«  U  C,.1I,.N,P0..  KaIser  oIj- 
Uuiicil  iiypuxiiutbiii  115  a  clotviit'c  priHlucl.&iiil  pruL>iibly  al«i  irjoxyvuleriaulc  acid,  al* 
llioiisli  ft  WM  004  positWely  proTtd. 

Vie  muBt  aUo  ioclude  amoDg  the  nitrogenous  extractires  thmo  bodies 

irhich  were  first  discovered  by  Oaitiek'  mid  which  occur  only  in  very 

■mall    quantities,    naioely,   tho    leiicomuines,    ranthocreatinin,    C,11„N^0, 

crnsocreatinin^  C,H,N,0,  amphxcreatinin,  C,1I„N,0,,  and  ji^ntdoxanthin. 

In  the  analysis  of  meat  and  for  tbc  detection  and  separution  of  tlie  vari- 
ona  oxtractivo  bodies  of  tho  mime  we  timko  uso  of  tho  systomatic  uiolho<l  as 
suggested  by  Gai'Tiek,*  for  details  of  wliich  wo  must  refer  the  reader  to  the 
original  artick'. 

Tho  non-nitrogenoQi  extractive  bodies  oF  the  muscles  are  iitoitif,  glyco- 
gtn,  sngur^  and  lactic  acid. 

Inoait,  C,H„0, -(- H,0.  This  body,  discovered  by  ScnEiiER,  is  not  a 
carbohydrato,  but  belongs  to  the  aromatic  Beries  and  seems  to  be  hexuliy- 
droxybeuzol  (MAijrFKKE*).  With  hydriodio  acid  it  ylelda  benzol  and  tri- 
iodophcnol.  Inoait  is  found  in  the  muacles,  liver,  spleen,  lencocytes,  kidneys, 
RUpruronal  ca|)sule,  lungi;,  brain,  tcHticIes,  and  in  the  urine  in  ptilhologiciil 
cases,  and  as  traces  in  normal  urine.  It  is  found  veiy  widely  distributi^d  in 
tho  vegetable  kingdom,  especially  in  nnripo  fruitB  and  in  green  beans  {pha- 
veolus  rfilgariif),  and  tlicrefore  it  is  also  railed  i'Haseomannit. 

Inosit  cryHtollizesJn  largo,  colorless,  rhombic  crystals  of  the  monoclinic 
system,  or,  if  not  pure  and  if  only  a  email  quantity  crj'stallixas,  it  forms 
grou|ii8  of  fine  cn*BtaIa  similar  to  cauliHower.  It  loses  ita  water  of  cn'stalli- 
xation  at  110^  0.^  also  if  exposed  to  the  air  for  a  long  time.  Snch  exposed 
orj'Btals  are  non-tniQsparent  ami  milk-white.  Tho  crystals  melt  at  217"  C. 
Inoait  dissolves  in  7.5  parts  of  water  at  ordinary  tomperature,  and  the  solu- 
tion has  a  sweetish  ta»to.  It  is  insoluble  in  strong  alcohol  and  iu  ether.  It 
dissoWofl  copi>er  ozyhydralo  in  alltalim^  Kohitioii»,  hut  docs  not  nHluctt  on 
boiling.  It  giTfis  negative  reanlta  with  Moore's  t«at  and  with  Bottokr- 
Aljibs's  bismuth  test.  It  does  not  ferment  with  becr-ycast,  but  may  under- 
go laiTtic*  and  butyric-acid  fermentation.  Tlie  lactic  fteid  formed  thereby  is 
larcolactic  acid  accoMing  to  IIilgbr,  and  fermentation  lactic  acid  according 
to  VoiiL.*  Inosit  is  oxidized  into  rhodizonic  acid  by  an  «xcess  of  nitric  acid, 
and  tho  following  reactions  clepeud  upon  this  helmvior: 

If  inosit  is  cTaporattnl  todryncfiscn  platinum-foil  with  nitric  acid  and 
tho  residue  treated  with  ammonia  and  a  drop  of  calcium-chloride  solution, 
and  carefully  re-craporated  to  dryness,  a  beautiful  rose-red  reaidito  is  ob- 

>  Mnly'ii  JBlirralicr.,  Bti.  16.  &.  533. 
'//.«f  .  B(l.  ti.  8.  &5R. 

•Hull,  rif  In  Sor.  cliim.  (2).  ToniPH  47  niixl  4f*;  romp,  renil.,  Tome  IM. 
*  Hilgvr,  AuDol.  d.  Cliem.  u.  Fhnrm..  BO.  IdO;  Yolil,  Iter.  d.  deuUcb.  Chma.  0«HUKh., 
Bd.  0. 
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tciincd  (Scbbrek's  iuosit  test).  If  we  eTiiporate  an  inosit  solution  to  iucipi- 
ent  dryness  jmri  moisten  the  residm;  with  a  little  mercuric-nitrate  solutiou^ 
wo  obtain  a  yellowish  reeidiio  on  tlryiug,  wliich  becomes  n  beautiful  red  oo 
strougly  heAting.  The  coloration  di6ap{>earfl  on  cooling,  but  it  reappears  on. 
gently  warming  (Galluis'b  inosit  test). 

To  prepare  inosit  from  a  liquid  or  from  a  watery  extract  of  a  tissue,  the 
proteiJs  nro  first  removed  by  coagulating  at  boiling  bwit.  The  liltrat*  U 
precipitated  by  sugar  of  lead,  thiK  filtrate  boiled  witli  basic  leoil  acetjite  uud 
allowed  to  staud  ^4-48  hours.  The  prfeii>itate  thus  obtjiinetl,  which  con- 
tains all  the  inosit,  is  decomposed  in  water  by  n,S.  The  filtrato  is  sirougly 
concentrated,  treiited  with  2-4  vols,  hot  alcohol,  and  the  liquid  remored  as 
soon  U8  i>t)ssiblo  from  the  tough  or  flaky  niasB<>«  which  ordiuarily  eepunttc. 
If  no  crystals  sepainte  from  the  liquid  within  34  houra^then  treat  with  etlior 
until  tlic  liquid  haa  »  milky  uppourauco  and  allow  it  to  stand.  In  the  pres- 
ence of  a  sutticiont  quantity  of  ether,  crystaU  of  inosit  soparate  witldu  21 
hours.  The  ci'ystals  thus  obtained,  as  also  tho.'H!  which  oro  obtained  from 
the  alcoholic  solution  directly,  aro  recrystalliKi-d  by  redissolving  in  toij  little 
boiling  water  and  tlie  addition  of  3-4  vols,  alcohol. 

Qlycogen  is  a  constant  constituent  of  the  liring  muscle,  vhile  it  may  be 
aWnt  in  the  ilejul  muscle.  The  rjimuLity  of  glycogen  varies  in  tho  different 
muscles  of  the  same  auinial.  Itouu'  found  lU  p.m.  glycogen  in  thoniusclce 
of  cats,  and  moreover  he  found  a  greater  amount  in  the  muscles  of  tho  ex* 
trcmities  tliao  in  those  of  the  rump.  The  food  also  has  a  great  iDllnenr«. 
BuUM  fouud  1-4  p.  ni.  glycogen  In  tho  niiiscles  of  fasting  animals,  and  7-10 
p.  m.  ufter  partuking  of  food.  As  stated  in  Chapter  VIII,  lack  of  carbo* 
bydrates  in  tho  food  causes  the  glycogen  to  disappear  earlier  from  the  liver 
than  from  the  muscles. 

The  sugar  of /he  muscleSfOi  which  traces  only  occur  in  the  living  muscle 
and  which  is  prolmbly  formed  after  the  death  of  tlie  muscle  front  the  muscie- 
glyoogen,  is,  according  to  the  inveatigations  of  PAKOHSioi'P,*  probably  dei- 
trose.  As  an  intermediate  step  in  this  sugar- formation  we  must  mentioD 
dextrin,  which  is  sometimes  found  in  tho  muscles.  Perhaps  this  dextrin  tuts 
been  confounded  with  glycogen. 

Lactic  Acidi.  Of  the  oxypropiouic  acids  witli  the  formula  C,H,0,  there 
is  one,  hydracrylic  acid,  CII,(On).Cn,.CO0H,  which  is  not  found  in  the 
animal  body  and  therefore  has  do  physiological  chemical  interest.  Indeetl 
only  or-oxyprop ionic  acid  or  ethylidene  lactic  acid,  CLI,.(0H).CIICOOU,  of 
which  we  have  three  physical  isomers,  is  of  importance.  Those  tlireo  ethy- 
lidene lactic  acids  are  the  ordinary,  optically  inactive  fekuentatiok  LArrrio 
ACID,  the  dextro-rotatory  pakalactic  or  eABCOLAcric  acid,  and  the  l^vo- 
LACTic  ACii>  obtained  by  Schardikger  by  the  fermentation  of  cane-supar 
by  raoauB  of  a  special  bacillus.     This  Ifevoloctic  acid  has  also  been  detected 

)  PdQgert  Areb..  B(t.  £8.  S  44. 
•Zeltscbr.  f.  pfaysfol.  Clieni.,  B.I.  17. 
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by  Blachstein  in  the  culture  of  Gappky's  typhoid  bacillus  in  a  Bolntion  of 
sugar  anfl  peptone,  and  which  is  formed  by  Torious  vibriones,  need  not  be 
described  here.' 

Tht/trmentation  lactic  acid,  which  is  formed  from  the  milk-augar  by 
aUowing  milk  to  sour  iind  by  the  jiciil  fermcDtution  of  other  carbohy- 
drates, is  eousidereil  to  exitit  in  small  quantiti&a  in  the  muscles  (Heiktz),  in 
the  gray  matter  of  the  brain  (GscHSinLES),'  arul  in  {liubetic  urine.  During 
digestion  this  acid  is  also  found  in  the  contents  of  the  stomach  and  intestiue, 
and  as  alkali  lactate  in  the  chyle.  The  parnlactic  arid  is,  at  all  events,  the 
true  acid  of  meat  extracts,  and  this  alone  bos  been  found  with  certainty  in 
dead  muscle.  The  lactic  acid  which  is  fonnd  in  the  spleen,  lymphatic  glaode, 
thymus,  thyroid  gland,  hlooil,  bile,  pathological  transudations,  osteoniahicious 
hones,  in  perspiration  in  puerperal  fevor,  and  in  the  urine  after  fatiguing 
marches,  in  acute  yellow  atrophy  of  the  liver,  in  polsouiug  by  phosphorusj 
and  especially  after  extirpation  of  the  liver,  seems  to  be  paralactic  acid. 

The  origin  of  |>aralactic  acid  in  the  animal  organism  has  heeu  sought 
by  several  investigators,  who  took  for  basis  the  researches  of  Gaouo, 
MlioKOWSKi,  and  Abakt,'  in  a  dt-conijmsitiou  of  proteid  in  the  tisi^nes. 
GaOLio  claims  a  lactic-acid  formution  by  passing  blood  through  the 
kidneys  and  lungs.  lie  also  found  0.3-0.5  p.  m.  lactic  acid  in  the  blood 
of  a  dog  after  proteid  food,  and  only  0.17-0.'^!  p.  m.  after  fasting  for  48 
Jiours.  Aeoordiug  to  Miskowski  the  quantity  of  lactic  aciii  eliminuicd  by 
the  urine  in  animals  with  extirpated  livers  is  increased  with  proteid  food, 
while  the  administration  of  carbohydrates  has  no  effect.  Arart  has  also 
shown  that  if  wo  prodnce  a  sciircilyof  oxygen  in  animals  (dogs,  rabbits,  and 
hens)  by  poisoning  with  carbon  monoxide,  by  the  inhalation  of  air  deficient 
in  oxygen,  or  by  any  other  means,  a  considerable  elimination  of  lactic  acid 
(besides  dextrose  and  alKO  often  albumin)  takes  place  throngh  the  urine. 
As  a  scarcity  of  oxygen,  neonrding  to  the  ordinary  Ktatenients.  produces  an 
increase  of  the  proteid  katabolisra  in  the  body,  the  increased  elimination  of 
lactic  acid  in  these  cases  must  be  due  in  part  to  an  increased  proteid 
destruction  and  in  part  to  a  dimiuisbecl  oxidation. 

Araki  has  not  drawn  such  a  conclusion  from  his  experiments,  but 
he  considers  the  abundant  formation  of  hictic  acid  to  be  due  to  a  cleavage 
of  the  sugar  formed  from  the  glycogen.  He  fonnd  that  in  all  cases  where 
lactic  acid  and  sugar  appeared  in  the  urine  the  quantity  of  glycogen  in  tlie 

'See  Scbardlnper.  HonnUbiffTD  f.  Chetn..  Bd.  II;  DlncbMeln.  Arclt.  rteRsdeBCM  Mol. 
<)e  Rt  Petersbourg,  Tome  1.  p.  ItW;  Kiiprisaow,  Arch.  t.  Hygiene,  Bit.  IS,  ond  Qoslo, 
Md..  Bd.  31. 

■Helniz,  Annul.  <1.  Cliem.  u.  Pbarm.,  Bd.  1.17.  nticl  Qscheldleo,  PUUger's  Arch.,  Bd. 
8,  8.  171. 

'  Gsgllo,  Du  Bnls-Reymnnd's  Arch.,  18P8  ;  HHnkowmkl.  Arch.  eip.  Path.  u.  Phsnn., 
Bdd.  31  ind  3)  :  Arnkt,  ZelUclir.  t.  pliyaiot.  Chvm.,  B<)d.  15.  IB.  IT,  nod  19. 
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liver  and  muBclcs  was  lUvraye  diminished.  He  also  calls  attention  to 
the  fact  that  destroloctic  acid  may  lie  Tormed  from  glycogen,  as  diroctl; 
observed  b;  Kkv^jima/  and  also  to  the  numerona  observations  on  tlie 
formation  of  hictic  acid  iiud  the  consumption  of  gljcogen  in  muacular 
actirity.  Without  denying  the  possibility  -of  a  formation  of  lactic  acid 
from  proteid,  he  states  that  with  lack  of  oxygen  we  hare  to  deal  with  an 
incomplete  combustion  of  the  laclii;  aci<l  derived  by  a  cleavage  of  the  sngv. 
IIoppe-Seyi.kb  '  also  jioeitively  tlefenda  the  view  aa  to  the  formation  of 
lactic  acid  from  carboh  yd  rates.  He  in  of  the  view  that  lactic  acid  ifi 
produced  from  the  carbohydrates  by  the  cleavage  of  the  sngar  only  with 
lack  of  oxygen,  n-bilo  with  suificioDt  oxygen  the  sugar  is  burned  into 
carbon  dioxide  and  water.  Tlie  formation  of  lactic  acid  in  the  absence  of 
free  oxygen  and  in  the  prei^euce  of  glycogen  or  doxtroae  is,  according  to 
Hoppe-Seyler,  very  prolmbly  a  function  of  all  living  protoplasm.  We 
have  g«)ijd  ground  for  the  assumption  of  the  formation  of  lactio  aoid 
from  proteid  as  \veU  as  from  carbohydrates.  Phosphocarntc  acid  is  oonsid* 
crod  by  Sikokuiei>  aa  another  source  of  sarcolactic  acid. 

Tlie  hictii*  acids  are  amorphous.  They  have  the  appearance  of  colorless 
or  faintly  yeUowish.  acid-reacting  ayrups  which  mix  in  all  proportions  with 
water,  idcohul,  or  ether.  The  i^alts  are  soluble  in  water,  and  most  of  them 
also  in  alcohol.  Tlio  two  acids  are  dilTercntiuled  from  each  other  by 
their  different  optical  properties — paralactic  acid  being  dextrogyrate, 
while  fermentation  tactic  acid  is  optically  inactive — also  by  their  different 
sohibilitios  and  the  different  amounts  of  water  of  crystallization  of  the 
calcium  and  sine  salts.  The  zinc  salt  of  fermentation  lactic  acid  dissolves 
in  68-03  parts  of  water  at  14-15^  C.  and  contains  18.18:<  water  of  cry»t«lU- 
zatioo,  corresponding  to  the  formula  Zn(C,U^OJ,  -\-  3H,0.  The  zinc  salt 
of  paralactic  acid  dissolves  in  17.5  jarta  of  water  at  the  above  tempera- 
ture and  contains  ordinarily  12.9<  water,  corresponding  to  the  formula 
Za(C,ll,0,),  +  2H^0.  Tlie  oalcium  sait  of  formentntioo  lactic  acid  dis- 
solves in  0.5  parts  water  and  contains  29.32^  (=  5  mol.)  water  of  crystalli- 
zation, while  calcium  jtaralactate  diseolves  in  12.4  parts  water  and  contaiBs 
24.83  or  2C.21,<  (=4  or  44  mol.)  waterof  crystallization.  Both  calcium 
salts  oryalallize,  not  unlike  tyrosin,  in  sphores  or  tufts  of  very  fine  micro- 
aeopin  needles.  IIophe-Sktleh  and  Araki,'  who  have  closely  studied  the 
optical  properties  of  the  hictiu  acids  and  lactates,  consider  the  Utbinm  salt 
as  best  suited  for  the  preparation  and  ciuantitative  estimation  of  the  Uctic 
acids.     The  lithium  salt  contains  7.29.<  Li. 


>  Joura.  f.  pmkt.  Chcm.  (N.  P.).  BJ.  91. 

■  VlrcUaw'8  Pe&lschrift,  also  Ber  d.  deutaoh.  chem.  Gtoaallacli.,  Bd.  85,  Befentb., 
8.«8fi. 

*Z«hschr.  f.  pbyslol.  Cbem.,  Bd.  80. 
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Lactic  acjd«  may  be  detcL-iod  in  orgaoa  and  tissuea  iu  the  foUoviii? 
manner:  After  completu  extraction  irilli  water,  the  proteid  is  renioveu 
by  coa^ilation  ut  boiliuj:  teiiipfniture  and  tlie  iiddition  of  a  BinaJI  quantity 
of  sulpliurie  acid.  The  liquid  is  then  exactly  neutralized  while  boiling  wirli 
caustic  iMiryta,  and  then  evaporated  to  a  syrup  after  liltration.  The  residue 
13  precipitated  with  aliAatuto  alcohol,  and  the  pnicipitut4:  comjitetely  ex- 
tracted H'tih  alcohol.  Tlie  alcohol  is  entirely  distilled  from  the  united  alco- 
holic extracts,  and  the  neutral  residue  is  shaken  with  ether  to  remove  the 
fat.  The  residue  is  dissolved  in  water  and  phosphoric  acid  added,  and  re- 
peatedly shaken  with  fresh  quantities  of  ether,  which  dissolves  the  lactic 
acid.  Tlie  ether  is  now  distilled  from  the  several  (tthcrpal  extriK^Ls,  the  , 
residue  dissolved  in  water,  and  this  solution  carefiilty  warmed  on  the  water- 
bath  to  remove  the  last  tnices  of  ether  and  volatile  acids.  A  eolution 
of  zinc  lactato  is  prepared  from  this  filtered  solution  by  boiling  with  zinc 
carbonate,  and  this  is  evaporated  until  crystallization  commences  and  then 
allowed  to  stand  over  sulphuric  acid.  An  analysis  of  the  salts  is  necessary 
in  careful  work.  According  to  Heffter'  in  muscles  not  having  undergone 
rigor  mortis  the  lactic  acid  can  be  extracted  more  easily  by  alcohol  than 
bj  water. 

Fat  is  never  absent  in  the  muscles.  Some  fat  is  always  found  in  the 
intermuscular  coiiuectiTe  tiI^6ue;  but  the  muscle-librcfl  themselves  also  con- 
tun  fat.  The  quantity  of  fat  in  the  read  muscle  substance  is  always  i^mall, 
nsoally  amounting  to  about  lU  p.  m.  or  soniowliat  more.  A  considerable 
quantity  of  fat  iu  the  mutiule-fibrcs  is  only  found  in  fatty  degeneration. 
A  part  of  tlio  muscle-fat  can  bo  readily  extracted,  while  another  part  can 
be  extracted  only  with  the  greatest  ditliculty.  This  latter  part  is  claimed  to 
be  divided  in  tlie  contractile  substiince  and  is  richer  in  free  fatty  acids, 
standing,  according  to  Zcntz  and  Hor.nANOW,*  in  close  relationship  to  the 
activity  of  the  muscles  because  it  is  consumed  during  work.  Lecithin  is  a 
r^nlar  constituent  of  the  muscles,  and  it  is  quite  possible  that  tlic  fat  which 
IB  difficult  of  extraction  and  which  is  rich  in  fatty  acids  depends  in  part  on 
a  decomposition  of  the  lecithin. 

The  Mineral  Bodies  of  the  Afuscles.  The  ash  remaining  after  bnroing 
the  ransele,  which  amonnts  to  almut  10-lA  p.  m.,  calculated  on  the  moist 
mucle,  is  acid  iu  reaction.  The  largest  constituents  are  potassium  and 
phosphoric  acid,  ^'ext  in  amount  we  have  sodium  and  magneslam,  and 
lastly  caloium,  chlorine,  and  iron  oxide.  Sulphates  exist  only  as  traces  in 
the  masctes,  but  are  formed  by  the  burning  of  the  proteids  of  the  musclefl, 
and  therefore  occur  in  sbaodant  quantities  in  the  ash.  The  muscles  coq- 
taJD  each  a  Iiu-ge  quantity  of  potassium  and  phosphoric  acid  that  potassium 
phospb&te  seems  to  be  nnqnestionably  the  predominating  salt.  Chlorine  is 
found  in  such  insignificant  quantities  that  it  h  perlmjta  derived  from  a  con- 
tamination with  blowl  or  lymph.     The  quantity  of  magnesium  is,  as  a  rule, 

>  Arch.  f.  exp.  Path.  u.  Phirm..  Cd.  88. 

*  Da  EkjJs-Hexmend's  Arch.,  1897.    See  slio  ttie  references  to  the  Htcimlure  on  tLtc 
BWtliods  for  the  quaoiiuilvfl  estimation  of  f«i  In  Chapter  IT,  page  S7. 


346 


MUSCLB. 


considerabl^v  greater  thau  that  of  calciam.  Iron  occnra  only  in  reiy  small 
&raounbB. 

The  g(Mtt  of  tbe  muscles  consist  of  large  qnsntities  of  carbon  dioxide, 
besides  traces  of  nitrogen. 

Bigor  Mortis  of  the  Husoles.  If  the  inflQence  of  the  circulating  oxj- 
genuted  blood  is  removod  from  the  tnuscles,  as  after  death  of  the  animal  or 
by  ligature  of  the  aorta  or  the  muscle-arteries  (Stensox's  t«Ht),  rij^cr 
mortis  sooner  or  later  takes  place.  Tbe  ordinary  rigor  appearing  noder 
thoae  circnmBtancea  is  called  the  spontaneous  or  the  formentiTO  rigor, 
beoaase  it  seems  to  depend  io  part  on  the  action  of  an  enzyme.  A  mascle 
may  also  become  stiff  for  other  reasons.  Tbe  muscles  may  become  momea- 
tarily  stiff  by  warming,  iu  tlie  caae  of  frogs  to  40°,  in  iiiiimmalia  to  48-50°, 
and  in  birds  to  ^Z"  C.  (heat-rigor).  Distilled  irater  uiay  also  prodace  a 
rigor  in  the  muscles  (water- rigor).  Acids  eren  when  very  weak,  snch  as 
carbon  dioxide,  may  qnJckiy  proiJuco  a  rigor  (acid*rigor),  or  hust«n  its 
appearance.  A  unmber  of  chemically  dtilercnt  substances,  such  as  chloro- 
form, ether,  alcohol,  ethereal  oils,  casein,  and  many  alkaloids,  prodnce  a 
similar  eiTect.  The  rigor  which  is  jirotluccd  by  means  of  acids  or  other 
agents  which,  like  alcohol,  coagulate  proteids  must  be  oonsiilered  as  pni- 
dciced  by  entirely  difTereat  processes  from  those  causing  spontaneous  rigor. 

Whoa  tbe  muscle  pusses  into  rUjor  mortis  it  becomes  shorter  and  thicker, 
harder  and  non- transparent,  less  ductile.  The  acid  part  of  the  amphoteric 
reaction  becomes  stronger,  which  is  cxjilained  by  most  investigiitors  by  a 
formation  of  lactic  acid.  There  is  bartily  any  donbt  that  this  increase  in 
aoidity  may  at  least  iu  part  bo  due  to  a  transformation  of  a  part  of  tbe 
dipliosphate  into  inonophotipliate  by  tbe  luetic  acid.  The  stat«mentfi  in 
regard  to  the  presence  or  absence  of  free  lactic  acid  in  tbe  rigor  mortis 
mascle  are  contradictory.'  Besides  th«  formation  of  acid,  the  chemical 
proceBses  which  take  place  In  rigor  of  the  muscles  are  the  following:  By 
the  coagulation  of  tbe  plasma  a  myosin-clot  is  produced  which  is  tbe  cause 
of  tbe  hardening  and  of  the  diminished  transparency  of  the  mnscle,  but  tbi* 
view  most  be  cbangwl  on  account  of  the  resoarohes  of  v.  FChtu,  which 
hare  shown  that  clot  consists  of  myogen  and  myosin-fibrin.  The  appear- 
ance of  this  clot  may  be  hastened  by  tbe  simnltoneons  occurrence  of  lactic 
acid.  Carbon  dioxide  is  also  formed,  which  does  not  seem  to  be  adirvct 
oxidation  prodnct,  bnt  a  product  of  the  cleavage  processes.  Heruan.s' 
cl&ims  that  carbon  dioxide  is  produced  in  the  removed  muscle,  even  in  tbe 
absence  of  oxygen,  when  it  passes  iuto  rigor  mortis. 

'  It  Is  Itnpoaslljle  to  enter  iuto  deUiilM  of  tbe  dUpiitctl  ilntements  u  Io  the  iTAClton  of 
Uie  musctici.  etc.  We  will  only  refer  to  Ibo  works  of  KOlimi).nu.  Pflcigcr's  Ar<b.,  Bdil. 
00  And  fi5,  and  Helter,  Arch.  f.  ex[i.  PslL.  u.  I'Jiarni..  Uild.  81  wid  ^.  ThcK  worki 
cooIaId  alflo  tbe  researches  of  tbe  older  InrestlKntoni  more  or  l«n  completely. 

*  "  Uotemicbutigcit  Qber  deo  BtoSwecbsel  dcr  Muskelu,"  etc.     Berilo,  1887. 
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As  many  ioTeBtij^ators  admit  of  an  iooreased  formation  of  lactic  acid  on 
tbe  appearance  of  rigor  mortis,  the  qiiostion  arioes,  from  what  constitnenta 
of  the  niitBcle  is  this  acid  derired  t  Tbe  most  probable  explanation  jg  that 
the  lactic  acid  is  produced  from  the  glycogen,  as  certain  inveiitigatont,  Boch 
as  Nasse  and  Weutiier,  have  observed  a  decrease  in  the  quantity  of 
glycogen  in  rigor  of  the  niHBcle.  On  the  other  side,  BiJUM'  has  observed 
cues  in  which  no  oonaumption  of  glycogen  took  place  iu  rigor  of  tbe 
mnscle,  and  he  has  also  foand  that  tbe  quantity  of  lactic  acid  producefl  is 
Dot  proportional  to  the  quantity  of  glycogen.  It  h  therefore  possible  that 
t))e  conenniption  of  glycogen  and  the  formation  of  Lxctic  acid  in  the  nmscles 
are  tvo  piocesses  independent  of  each  other,  and,  as  above  stated  in  regard 
to  the  formation  of  paraiactic  acid,  tlie  lactic  acid  of  the  muscle  may  b« 
considered  as  a  deconi{M»ition  prcnluctof  proteid.  Tbe  origin  of  the  carbjn 
dioxide  is  also  not  to  be  aonght  for  in  tbe  decomposition  of  tbe  glycogen  or 
dextrose.  Pfi-Cueb  and  Stint/.in(»  '  have  found  that  in  tlie  mascle  a  sob* 
stance  occurs  which  evolves  targe  quantities  of  carbon  dioxide  on  boiling 
with  water,  and  it  is  probably  this  eobstance  which  is  decomposed  with  the 
fonnatioQ  of  carbon  dioxide  in  tetaous  as  well  as  in  rigor.  In  this  connec- 
tion we  call  attention  to  the  fact  that  phospbocamic  acid  yields  lactic  acid 
as  well  as  carbon  dioxide  as  cleavage  products. 

After  the  muscles  liave  been  rigid  for  some  time  they  relax  again  and 
the  mtisclea  1>eoonie  softer.  This  is  in  part  produced  by  the  strong  acid 
dis^olring  tbe  rnyoKln-clot  and  iiii  part,  and  in  all  probability  mainly,  upon 
the  commencement  of  putrefaction. 

Hetabolism  in  the  Inactive  and  Active  Muscles.  It  is  admitted  by  a 
number  of  prominent  investigators,  Pi'Ll'^jku  and  CuLAy-\NTi,  Zlntz  nnd 
R5nRin,'  and  others,  that  the  exchange  of  material  in  the  mnsclos  is  regn- 
late<i  by  the  uer^oos  system.  When  at  rut,  when  there  is  no  mechanical 
exertion,  we  have  a  condiliou  which  ZrxTZ  and  lii'iitRin  liave  designated 
*'f.A*micrt/  toniis.''^  T}ii»  tonus  seems  to  be  a  reflex  tonus,  for  it  may  be 
Teduoed  by  discontinuing  the  connection  between  the  mnscles  and  the 
central  organ  of  the  nervous  system  by  cutting  through  the  apinal  cord  or 
tbe  muscle-nerves,  or  by  paralyzing  tbe  e&me  by  means  of  cnrara  poison. 
The  possibility  of  reducing  the  chemical  tonns  of  the  mnscles  by  any  of  the 
above-mentioned  means,  bnt  BJjMScially  by  tbe  action  of  curara,  offers  an 
important  means  of  decidiikg  the  extent  and  kind  of  chemical  processes 
going  on  in  the  muscles  when  at  rest.  In  comparative  chemical  investiga- 
tion of  tbe  processes  in  the  active  and  tbe  inactive  muscles  several  methods 


■  Num.  Uelir.  z.  PItjsiul.  (l<-r  knnimkt.  Snlislnnz,  FHlLger'a  Arch.,  Bd.  S;  Wertber, 
tM.,  Bd.  48  ;  BOiiiii.  Md.,  DdtL-  23  utid  46. 

•PdUger'B  Arch..  Bd    18. 

•  See  Uje  woiku  of  PllQger  idiI  UIb  pupils  Is  PQager's  Arcb..  Bdd  4.  13,  14.  16,  nod 
16:  liObrig.  ibid.,  Bd.  4,  8.  57.    8n  nUo  Zuoli!.  i«cf..  Bd.  19,  S-  033. 
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t>t  procedure  hare  been  vlopted.  The  lemoTsd  homonjmonB,  active  and 
inactive  muscles  have  been  compared,  also  the  arterial  and  Tenoas  moBcle- 
blood  in  rest  and  actiTity,  and  lastly  the  total  exchange  of  material,  tbft 
receipts  and  expendittire^  of  the  organism,  have  been  investigated  iiDder 
these  two  conditions. 

\\y  inTestigationa  according  to  these  sereral  methods  it  haa  l)e«n  fonod 
that  the  active  muecle  takes  cp  oxygen  from  the  blood  and  returns  to  it 
carbon  dioxide,  and  also  that  the  qitantlty  of  oxygen  taken  np  is  greater 
than  the  oxygen  contained  in  the  carbon  dioxide  eliminated  at  the  same 
time.  The  muscle,  therefore,  holds  in  some  form  of  combination  a  part  of 
the  oxygen  taken  np  while  al  rest.  During  activity  the  exchange  of 
material  in  the  mDBclo,  and  therewith  the  exchange  of  gas,  ib  increased. 
The  animal  organiBm  takes  up  considerably  more  oxygen  in  actirity  than 
when  at  rest,  and  eliminates  also  considerably  more  carbon  dioxide.  The 
quantity  of  oxygen  which  leaves  the  body  as  carbon  dioxide  daring  activity 
is  considerably  larger  than  the  qnantity  of  oxygen  taken  up  at  the  same 
time;  and  the  veiious  mnsclc-blood  ia  poorer  in  oxygen  and  richer  in  carbou 
dioxide  during  activity  thau  during  rest.  Tlie  exchange  of  gases  in  Ibe 
muscles  daring  activity  is  the  rererse  of  that  at  rest,  for  the  active  mascle 
gives  up  a  quantity  of  carbon  dioxide  which  does  not  correspond  to  tlie 
quantity  of  oxygen  taken  up,  but  ia  considerably  greater.  It  follows  from 
this  that  in  nuisoDlar  activity  not  only  does  oxidation  take  place,  but  alw 
splitting  processes  occur.  This  follows  also  from  the  fact  that  removed 
blood-free  nmscle^  when  placed  in  an  atmosphere  devoid  of  oxygen  caa 
labor  for  Eorne  time  and  also  yield  carbon  dioxide  (IIekman'x'). 

During  muscniar  inactivity,  in  the  ordinary  sense,  a  consumption  of 
glycogen  takes  place.  This  is  inferred  from  the  observations  of  aeveral 
investigators  that  the  quantity  of  glycogen  is  increased  and  its  corresponding 
consumption  reduced  in  those  mnscle^  whose  chemical  tonus  ia  reduced 
either  by  cutting  through  the  nenre  or  for  other  reasons  (Bbbnard,  Cuas- 
DELON,  WaTj*  and  others).  In  activity  this  consumption  of  glycogen  is 
increased,  and  it  has  been  positively  proved  by  the  researches  of  several 
investigators  (Xassb,  Weiss,  KClz,  Marccse,  Maxche,  Morat  and 
DrPOi'R  *)  that  the  quantity  of  glycogen  in  the  mnscles  in  activity  decrMfM 
quickly  and  freply.  As  shown  by  the  researches  of  CnxrvEAr  and  Katp- 
MAKX,  QiiNQiAUi),  MoKAT  aud  PiKOLK,  Cavazzaxi,  aud  especially  those 


'  L.  r.  lib  regard  lo  j^ims  excliaitg«  bi  remored  muoclvM  »e«  also  J.  Tftoi.  Alcti.  de 
Physiol,  (H>,  TomeB  8  nrid  7,  and  Cotn])!.  reml..  Tome  120. 

*  Cbandclun.  PflUger's  Arcb.,  Bd.  13 :  Way,  Aroli.  f.  exp.  Path.  u.  Pbanu.,  B<l  34. 
wblcti  conpuQB  r!su  llie  perilneut  liieraturv. 

•  NaMM.  niuger's  Arc!).,  Bd.  2  :  Wetu.  Wicn.  ftitzuuesber..  Bd.  64  .  EQlz.  iii  Lud- 
wig's  FaUcbrtft,  )l»rlmrg.  1891  ;  Marciue,  PHQger's  Arch.,  Bd.  «S>;  Maocli£,  Zducbr. 
r.  Biologle,  Bd.  35 ;  Moral  and  Diifour,  Arcli.  f.  Fbyslul.  (6).  Tome  4. 
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of  Sbxoen,'  the  sugar  is  renioved  from  the  blood  and  sonfinmod  dnring 
actiTity.  Acconling  to  Skeokn  a  very  abundant  fonnation  of  HOgar  tak«s 
ploco  in  the  IWer,  and  correfliwndinglj  the  blood  of  the  hepatic  rein  ie  much 
richer  in  sugar  than  that  in  the  portal  vein,  and  this  sugar  of  the  blood  is, 
according  to  him,  the  source  of  heat  fomiatiom  and  DiechaDical  octirity. 
It  IB  neTerthelees  tnie  that  important  objections  have  been  presented 
against  a  few  of  these  inTeetigationa,  and  a  sugar  formation  according  to 
Sbeobn's  idea  has  been  denied  by  BeTeral  inveatigators,  and  recently  by 
ZiTKTZ  and  Mosse;*  bnt  etill  there  can  exist  hardly  any  doubt  that  so  gar 
is  consamed  in  muscular  activity. 

The  amphoteric  reaction  of  the  inHctite  mcscles  is  changed  dnring 
actirity  to  an  acid  reaction  (Dr  Itois-RF.TMOKn  and  others),  and  the  acid 
reaction  tncreasea  to  a  certain  point  with  the  work.  The  qoiulcly  contract- 
ing pale  mnscles  produce,  according  to  Gleiss,'  more  acid  dnring  activity 
than  the  more  slowly  contracting  red  mtiHcles.  The  acid  reuctron  Hp])euriug 
dnring  acLirity  was  formerly  considered  due  to  the  formation  of  lactic  acid, 
a  Tiew  irhicb  has  been  contradicted  by  Astaschewskv,  PflCger  and 
Warren,'  who  fonnd  less  lactic  acid  in  the  tctanizcd  mnscte  than  when  at 
rest.  MoXARi  also  found  a  decrease  in  the  quantity  of  lactic  acid  during 
actirity,  and  according  to  I{eft(:r  the  quantity  of  lactic  acid  in  the  muscle 
is  diminished  in  tetanus  prodnced  by  poison.  Contrary  to  these  inrestiga- 
tiona  M.VROUSii  and  Wkrth£k*  have  be«n  able  to  prove  the  formation  ot 
lactic  acid  during  activity;  still  the  statements  are  very  contradictory. 
Other  observations  speak  for  a  formation  of  lactic  acid  dnring  actirity. 
Thus  8pibo  fonnd  an  increase  in  the  quantity  of  lactic  acid  in  the  blood 
during  work,  Coi.asasti  and  SIoscatbm.i  fonnd  smnll  qnantities  of  lactic 
acid  in  human  nrtne  after  strenuous  marches,  and  Werther  obeerred 
abundance  of  lactic  acid  in  the  urine  of  frogs  after  tetanization.  According 
to  HoprE-SKYLER,  ou  the  contrary,  in  agreement  with  his  view  in  regard 
to  the  formation  of  lactic  acid,  a  formation  of  lactic  acid  does  not  take  place 
regalarly  dnnng  work,  bnt  only  when  insnfiiclent  oxygen  is  supplied. 
ZiLLESEX  *  baa  also  found  that  on  artificially  cutting  off  the  oxygen  from 

<  Cliftuvemi  ftnil  Kniiriiinnn,  Coinpt.  rend..  Tomeit  14)8,  104.  nii<1  H)fi  ;  QtiinquiiiKl, 
Mftlj'i  Jnlii-eaber,  Bd.  IC,  ?.  991  ;  Mnmi  Ami  DuTour,  I.  c;  CkTHzran).  Centralbl.  f. 
Physiol..  Bd,  8  ;  Befgcii.  "  Dii-  ZuckerWldmig  iin  TliierkOrper."  Berlin.  18B0.  Crn(™lbl. 
f.  Physiol..  Bd.  8.  S  417,  «ml  Bdd.  9  aud  10;  Du  Boift-Ttejmond'ft  Arch..  I895and]8fi0; 
Pfluccr's  Arcli  ,  BJ.  60. 

1  Hofi&c,  PflDgcr'c  Arvli.,  Bd.  €8:  Zunix,  C«i)lr&1bl.  f.  Flij-aloJ..  Bd.  10,  and  I)ii  Bols- 
lUyiiioDd't  Arcli..  I8S6.  S.  688.    Bee  bIbo  Srheiick,  PflOger's  Arcli..  Bdil.  «1  Bod  85. 

■PflUirr"*  Arch.,  lid.  41. 

*  Aataarb«wsky.  Zeituclir.  f.  pliyslol.  Cliem,.  Bd,  4  -.  ■Wnrren.  Pflllgcr'B  Arch.,  Rd.  24. 

*  MoDArl.  Miily'a  Jshmhrr.  IM.  I»,  B.  303  :  BorUT,  Arcli.  f.  up.  P«tb.  o.  Pbnrm., 
Bd.  81  :  MnrciiM.  I.  c;  Wertlier,  PtiOger**  Arch  .  Bd.  48. 

■8pir«,  Zelltcbr.  f.  pliriloi.  Cbeni.,  IIil.  1  ;  CulitMOtl  nod  MoKalelll.  Maljr'l  Jshraa. 
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the  mascles  daring  Ufe  more  lactic  acid  iras  formed  than  under  noraml 
conditions. 

It  is  evident  that  the  oxperimente  with  the  muscles  in  titu — in  other 
words,  with  muscles  throufjh  which  blood  i«  passing — cannot  yield  any  coo* 
chtSTon  to  the  above  qnestion,  as  the  lactic  acid  formed  during  work  maj 
pev!iftp3  be  reutoved  by  tiie  blood.  The  following  objections  can  be  mado 
nguiaet  those  experiments  in  which  lactic  acid  has  been  fonnd  after  moderate 
work  in  the  blood  or  the  urine,  as  also  especially  against  the  experimects 
with  remored  active  muscloBf  namely,  that  in  these  coses  the  supply  of 
oxygen  to  the  niuBcles  was  not  sufiicient,  and  that  the  lactio  acid  formed 
thereby  is  not,  in  accordance  with  the  riewa  of  lIorrK-KKYLKR,  a  perfectlj 
normal  process.  The  question  as  to  the  formation  of  lactic  acid  in  the 
active  mnscle  under  perfect  phpiologlcal  conditions  is  still  an  open  one. 

According  to  Wbyl  and  Zeitler,'  the  active  mnscle  contains  mure 
phosphoric  acid  (in  part  formed  by  the  deconipoaition  of  lecithin)  limn  the 
inactive  mnscle.  As  in  the  dead  muscle,  so  in  the  active  mnscle*  the  some- 
what stronger  acid  reaction  is  in  part  due  to  a  greater  qnauttty  of  mono- 
phosphate. 

The  amount  of  proteids  in  the  removed  muscles  is,  aocording  to  the 
older  investigators,  decreased  by  work.  The  correctness  of  this  slatetnent 
is,  however,  disputed  by  other  investigators.  The  older  statements  in  regard 
to  the  nitrogenous  extractive  bodies  of  the  muscle  iu  rest  and  in  activi^ 
are  likewise  uncertain.  According  to  the  recent  researches  of  ^Ion'aki  *  the 
total  quantity  of  creatin  and  creatinin  is  increased  by  work,  and  indeed  the 
amount  of  creatinin  is  especially  augmented  by  an  excess  of  mascalar 
activity.  The  creatinin  is  formed  essentially  from  the  creatin.  In  exceesive 
activity  Monaux  also  found  xantbo-creatinin  in  the  muscle,  and  the  quan* 
tity  was  one  tenth  of  thut  of  the  creatinin.  The  quantity  of  xanthiu  bodies 
is,  according  to  Moxari,  decrenRcd  under  the  influence  of  work.  It  seenu 
to  have  been  positively  shown  that  the  active  mnscle  contains  a  smaller 
quantity  of  bo<lies  soluble  in  wiiter  and  a  larger  quantity  of  bodies  solabls 
in  alcohol  than  the  resting  mnscle  (IIblmholtz'). 

Attempts  have  been  made  to  solve  the  question  relative  to  the  behavior 
of  the  nitrogenized  conetituents  of  the  muscle  at  rest  and  daring  activity  hy 
determining  the  toUil  quantity  of  nitrogen  eliminated  under  tbc«e  different 
conditions  of  the  body.  White  fnrnierly  it  was  hehl  with  Liebiu  that  the 
elimination  of  nitrogen  by  the  nrine  was  increased  by  muscular  work,  thv 
researched  of  several  oxperiniontcrs,  especially  those  ot  VoiT  od  dogs  and 

Ijer.  Btl.  17.  S.  SIS  ;  Hoppc-Si-yler.  1.  c,  nnd  Zeitccbr.  f.  pbyslol.  Chem.,  Bd.  19.  8. 
476:  Zilieseo.  ifritf..  Bd.  15. 

•  Zi-[(«L-br.  r.  phj-Hlol.  Chen)..  Bd.  16.  S.  3Jt7. 

•  Miilv'a  Jahresber..  Bd.  19.  S.  S96. 
» Arcir.  f.  Aual.  u.  Pliysiol.,  1845. 
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F£TTENKOF£K  sDd  VoiT '  OD  men,  h&TB  led  to  quite  different  resalte.  Tbey 
liRTQ  shown,  as  has  tUso  lateljr  been  conlirmed  by  other  inrestigEtors, 
tspecially  I.  MrxK  and  IIirbohfeld/  that  during  work  no  increase  or  only 
»  very  insignificant  increase  in  the  elimlDation  of  nitrogen  takes  place. 

We  shonlU  not  ouiit  to  mention  the  fact  that  a  aeries  of  experiments 
hare  l)eeii  ina<1e  showing  a  significHnt  increatte  in  the  metabolism  of  proteids 
dnring  or  after  work.  We  have  as  example  the  observations  of  Flint  and 
Pavt  on  a  pedestrian,  v.  Wolff,  v.  Funke,  KKEtZHAOE  and  Kkll.vek 
on  a  horse,  and  OrxLOP  and  hia  collaborators*  on  working  human  beings 
and  others.  The  researches  on  the  elimimition  of  snlphur  during  rest  and 
actiTJiy  also  belong  to  this  category.  The  elimination  of  nitrogen  and 
sniphnr  runs  parallel  with  the  nietabolism  of  proteids  in  resting  and  active 
persons,*  and  tiie  quantity  of  snlphur  excreted  by  the  nrine  h  therefore  also 
a  measnre  of  the  protcid  decomposition.  The  older  researches  of  Knuel- 
MANN,'  Flint,  and  Pavt,  as  well  as  the  more  recent  ones  of  Beck  and 
Uenedikt,*  and  Duklop  and  his  collaborators,  show  an  increased  elimina- 
tioD  of  sulphur  dnring  or  after  work,  and  this  speaks  for  an  increased  pro- 
teid  metabolism  beeatiue  of  niitsculur  activity. 

On  one  side  an  increaited  proteid  metabolism  has  been  obserred  on 
aoooant  of  work,  and  on  the  other  side  no  increased  proleid  metabolism  is 
obflerved  on  excdssire  activity.  These  contnii^lictory  observations  are  not 
directly  in  oppoeition  to  each  other,  bccanse,  as  will  be  shown  later  (Chapter 
XVni),  the  extent  of  proteid  metabolism  is  dependent  upon  several  condi- 
tions, snch  as  the  quantity  and  compositioD  of  the  food,  the  condition  of  the 
adipose  tissue,  the  action  of  work  on  the  respiratory  mechanism,  etc.,  etc.. 
all  of  which  might  hare  an  influence  on  the  result  of  the  experiments.  In 
the  present  state  of  this  question  we  can  probably  maintain  that  an  increased 
proteid  metabolism  is  not  noceasarily  directly  caused  by  work,  hut  tlmt  it 
oconrii  in  those  bodi(*R  where  the  store  of  non-nitrogenons  foods  present 
or  Rnppli««d  with  the  food  is  insufficient,  as  also  when  the  dyspnotic  symptoms 
accompanied  by  an  increased  destruction  ef  proteid  appear  with  increased 
activity.' 


■  UnlcrBUcliuiigen  liber  den  Kinfluw  dcs  KocbsalEes.  (Im  KaflecN  iiud  der  Muskcltw- 
wcgungon  aiif  ilen  Sioffwcchael  ( M tl rirlirn .  ItJflO).  and  Zeltacbr.  f.  Klolof^Ec,  Bd.  3. 

>  I.  Muuk.  Da  6ol>-Re;niotHri)  Arch..  1890  tod  ledt) :  Uirnclifeld.  Vlrvliow'a  Arch., 
B<1.  131. 

■  Flint.  JouFD.  of  Aofit.  nad  PbjrHiuI..  Vols.  II  sod  18 ;  Pavy.  Tbe  UiDcet.  1876  aad 
1877;  Wolff.  V,  Funke.  Kellner.  dud  from  Volt.  Hermsnt.'*  Hindb..  Bd.  «,  8.  lOT; 
Uuulop,  No(>l-PntuD,  Stockniati,  tioil  Macraduo.  Juiirn.  of  PIij'bIoI.,  Vol.  8S. 

«  See  I.  Mui.k.  Du  Bob-Ueyriioml'a  Arcb..  1896. 

•  Dm  Bol».ll(>mmid"8  Arcb,.  1H7I. 
r«  Flint.  I.  c;  Tsvy.  I.  c.  Beck  and  Deiiediki,  PflDBcr'g  AkL,,  Bd.  54. 

*  See  Kummacbcr.  Zfftactir.  f.  Blologle,  Bd.  8S,  and  tbe  works  of  1.  Monk  Id  Du 
BoU  Kevtnond's  Arcli..  1890  i>i<1  1896,  a 
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The  older  iuTestigatioDS  oa  the  amoant  of  fat  in  removed  masclei  duhog 
activity  and  at  rest  have  not  led  to  any  definile  results.  According  to  the 
recent  investigations  of  Zi'ntz  and  IIogdakow  '  the  fat  belonging  to  the 
mnscle-Gbres  and  which  ia  dlQicaltlj-  extracted  takee  part  in  work.  BmiiIm 
these  we  hu^e  several  researches  by  Voit,  Pettenkoper  and  Voir, 
J.  FkENT/F.r.,*  aod  others  which  make  aa  incrcasfld  destraclion  of  fat  durtug 
work  ])robable.  We  most  also  mention  the  statement  of  Sieoprieu*  tbat 
the  qaantity  of  phosphocarnic  acid  ia  decreased  during  work. 

If  the  results  of  the  inTestigations  thas  far  made  of  the  chemical 
processes  going  on  in  the  active  and  inactive  mnscle  were  collected  together, 
we  would  tind  the  following  characteristics  for  the  active  moacle.  The 
active  mascie  takes  np  more  oxygen  and  gives  oil  more  carbon  dioxide  tb«a 
the  Inactive  muscle;  still  the  elimination  of  carbon  dioxide  i«  increased 
considerably  more  than  the  absorption  of  oxygen.    The  respiratory  qootient, 

CO 

-j~y  ia  found  to  be  regularly  raised  daring  work;  yet  this  rise,  whioh  will 

be  expluned  in  detail  in  a  following  chapter  on  metabolism,  can  hardly  be 
conditioned  on  the  kind  of  procesaes  going  on  in  the  mnscle  during  activi^ 
with  IV  snfficient  supply  of  oxygen.  In  work  a  consnmption  of  c-arbohydratee. 
gWcogon,  and  sugar  takes  place.  A  consnmption  of  sugar  seems  only  to 
have  been  ehown  in  muscle  with  blood  circulation,  while  a  consumption  of 
glycogen  also  has  been  observed  in  removed  muscle.  The  acid  reaction  of 
the  mnscle  bsconies  greater  with  work.  In  regard  to  the  extent  of  a 
re-formation  of  lactic  acid  opinion  is  divided.  An  increased  couaumptioo 
of  fat  has  occaaioiuUly  been  observed.  The  quantity  of  phosphocarnic  add 
decreiises,  and  an  increase  in  the  nitrogonona  extractives  of  the  creatioiu 
group  seema  also  to  occur.  Protaid  metaboliem  has  been  fonnd  increased 
in  certain  series  of  experiments,  and  not  in  others;  but  an  increased  elimina- 
tion of  nitrogen  aa  a  direct  conaequenoe  of  muscular  exertion  has  thus  far 
not  been  positively  proveil. 

In  close  connection  with  the  above-mentioned  facts  we  have  the  qneetion 
as  to  the  origin  of  muscular  activity  so  far  as  it  has  its  origin  in  chemical 
proceasea.  In  the  past  the  generally  accepted  opinion  was  that  of  LiCBiO, 
that  the  source  of  muscular  action  consisted  of  a  metabolism  of  the  proteid 
bodies;  to-diiy  another,  generally  accepted,  view  prevails.  FicK  and  Wis- 
LiCEKl's' climbed  the  Fatilhoni  and  cntcnlated  the  amount  of  mechanical 
force  expended  in  the  attempt.  With  this  they  compared  the  mechanical 
equivalent  transformed  in  the  same  time  from  the  proteid^,  calculated  from 

'  See  foot-iiole  8,  imge  S4.'i. 
»  PflOg^rr's  Arch..  B^l.  C9. 
'  Zeilfwrltr.  f.  pliysiol,  C'liem..  Bd.  31. 

*  YiertelJabrMctir.  d.  Zurich,  oaturf.  OcMlUch..  Bd.  10.    Cited  from  CniUmlbl.  t.  d. 
med.  WlM..  )86«.  S.  909. 
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nitrogen  elimiaated  vitb  the  nriDb,  and  foanct  that  the  work  reallv 
performed  wai  not  bj  any  means  coinpensaled  by  the  coDsumpCion  oi' 
proteid.  It  waa  therefore  piored  by  thi«  l)iat  proteidA  utone  citimot  be  the 
Gource  of  maeciilar  activity,  and  that  this  depend;^  in  great  mctuttire  on  the 
metabolism  of  non-nitrogenons  Bubstances.  Many  other  observations  hare 
led  to  the  same  result,  eapeciully  tlie  experimenw  of  Voir,  of  Pbttekkofeb 
and  VoiT,  and  of  other  invesLigatoi-s,  whose  esperimonts  sliow  thiit  while 
the  elimination  of  nitrogen  remains  uncbatiged,  the  elimination  of  carhon 
dioxide  during  work  is  very  considenibly  increased,  Jt  is  alio  generally 
considered  as  positively  proved  that  iiiimcular  work  is  produced,  at  Ica&t  in 
greatest  part,  by  the  metabolism  of  non-nitrogenons  substances.  Neverthe- 
less there  is  no  warrant  for  the  statement  tiiat  muscular  activity  is  pro- 
duced entirely  at  the  cost  of  the  iion-iutrogenong  subHtances,  and  that  the 
proteid  bodies  are  withont  importance  na  a  eonrce  of  force. 

The  recent  investigations  of  l*n.CoL'K  '  are  of  great  interest  in  this  con- 
nection. He  fed  a  bulldog  for  more  than  7  months  with  meat  which  alone 
did  not  contain  sufficient  fat  and  carbohydrates  for  die  production  of  heart 
activity,  and  then  let  him  work  very  hard  for  periods  of  14,  35,  and  41 
days.  The  jiotiitive  resolts  obtuineil  by  these  scries  of  exiieriments  was  that 
"  complete  muscular  activity  may  be  pffected  to  the  greatest  extent  in  the 
absence  of  fat  and  carbohydrates,"  and  the  ability  of  proteida  to  serre  as  a 
scarce  of  muscular  energy  cannot  bo  denied. 

The  nitrogenous  as  well  aa  the  non-nitrogonous  nutrimente  may  serve  as 
source  of  force;  but  the  views  are  divided  in  regard  to  the  relative  value  of 
these.  Pi'lCoek  claims  that  no  muscular  work  takes  place  withont  a 
decomposition  of  proteid,  and  the  living  cell-suhsUince  prefers  always  the 
proteid  and  rejects  the  fat  and  sugar,  contenting  itself  with  these  only  when 
jiroteids  are  absent.  Other  investigators,  on  the  contrary,  believe  that  the 
muscles  tirst  draw  on  the  supply  of  non-nitrogenous  nutriments,  and  accord- 
ing to  Seeorn',  CiiACVEAr,  and  Laulanik'  the  sugar  is  indeed  the  only 
direct  eource  of  muscular  force.  The  last-mentioned  investigator  holds 
that  the  fat  is  not  directly  utilized  for  work,  hut  only  after  a  previous 
conversion  into  sugar.  Zhntz  and  his  collaborators'  have  niade  strong 
objections  against  the  correctness  of  such  a  view.  If,  according  to  Zcntz, 
the  fat  must  be  first  transformed  into  sugar  before  it  can  serve  as  source  of 
ronscnlar  work,  it  must  require  about  'AQ'i  more  energy  to  perform  the  same 
work  with  fatty  food  as  it  does  with  carbohydrates;  but  this  is  not  the  case. 

>  PflUger'fl  Arch..  Bd.  M. 

*  See  8(Wgei),  fooUnoie  t.  page  S49.  Tbe  works  of  Cbauveati  iind  bU  collsbomtots 
are  found  la  Comp.  rend..  Tomes  ISI,  1£3,  sDd  188 ;  Ltiulnnic.  Arch,  de  Pbjilol.  (5i, 
Tome  6. 

■  Bee  Zuuiz,  Du  BoU-ReymoD(t's  Arch.,  1806.  S.  3d8  snd  S.  088  :  Zunta  and  Heyoa- 
msD.  md..  \Wl.  a.  SUA. 
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Acconling  to  his  inreBtigationa  all  foods  hare  the  same  ability  to  vield 

material    for   muscalar  Trork,   withont   being  preriouslj  transformed  iulo 

sugar.     It  \i  apparent  that  such  an  asenmpttou  doea  not  stand  in  oppoeilioo 

to  the  view  snggeated  l>j  BrKr.E,  Zi'ntz,  I.  MtiKK,  and  othen,  in  wiiieb 

tlie  non-nitrogenocis  bodies  are  those  which  are  prominently  necessary  in  tlie 

defrayal  of  work  iti  the  mascles. 

HiKCiFHJKU  ouiiBJiicrs,  ai)  above  stated,  the  pbospliiocamlc  acid  as  a  source  of  fonx. 
Acconlijig  to  lijs  itnd  Krcgku's  '  researches  pln>s|ilii)cninic,  arid  occurs  In  pan  rcadjr  Is 
Ibe  mujck-,  wlitcb  ylt-lila  ou  clcuvsi^e,  amtnii,'  uiIilt  boJIea,  c&rb<u  dioxiilc,  uud  iu  |wt 
K  hyniitlii^lical  aliiebyiie  cfii'ibitjntidii  nf  llie  saiiii^ — a  curnibUiKtinu  wliicLi  forma  |ihoipbi> 
cariik-  aci>l  oa  oxidatlou.  tJGtUFUtCD  tUercfure  makvs  iIiq  sii|!i;i>8tloDtbat  ia  tbe  Tes!ia| 
tniiflcle,  wliicli  re'iuire'i  more  OKVCt-n  lliiin  In  lUe  rArbon  dinAidu  uliminnLed,  thti  mine- 
log  iitdcbyde  aub^Utncc  Is  .^rmhinlTj  ozIdiKcd  lo  pliiwpbiicarDfc  add.  wblch  U  used  in  Uie 
activity  or  llic  uiuiicli;  wllii  IbeitpUttiug  oS  of  carbou  dioxide. 

Q,Qantitatlve  Composition  of  the  Slasole.  A  large  number  of  analyses 
have  been  made  of  tha  tlesh  of  various  animala  for  purely  practical  pnrpoaea, 
iu  order  to  determine  the  nutritive  value  of  diflereiit  varieties  of  meat;  bat 
we  hare  no  exaut  scientific  analyses  with  enfficient  regard  to  the  ijunntit;  of 
difToreut  albtiminoua  bodies  and  tlie  remaining  mnscle-coastltueDt*,  or  tluM 
anulysea  are  incomplete  or  of  little  ralne. 

To  give  the  reader  some  idea  of  the  variable  oomposition  of  miiscle- 
eabsta.nce  we  give  the  following  Bommary,  chiefly  obtained  from  K.  It. 
lioFMAHN^s*  book.     The  tigares  are  parts  per  1000. 

M-ixclniof  NumtImoT  Oold-MnxM 

MaiuiualA.  Birds.  Anluiak. 

SolWa 217-255  237-282  IN 

Water 74-V7B3  717-778  8M 

Oiguuic  bodies 308-1245  217-368  180-lM 

luor^uoic  bodies 0-10  10-19  10-» 

Myudo  8,V10a  20.8-111  29  7-S7 

SlK>ina  aubstance  (Dakilswskv) 79-161  88.0-194  7D.I>-iei 

Alkali  altiumitmte SO-SO  —  - 

Cn^ailii a  8.<  8J 

Xiiuihtn  bodies 0.4-0.7  0.7-0.3  — 

IiHisinlc  acid  (barium  salt) 0.1  0.1-0.8  — 

Pill  lie  acid —  —  7.9 

Tiiiirin O,r{borsc)  —  1.1 

Ir>o«it  0.08  —  — 

Glycogen 4-5  —  8^ 

Lactic  iitrid 0  4-0  7  — 

_  « 

Phoepbortc  acid 3.4-4.H 

PotMli 8.0-4.0 

Soda 0.4 

Limv 0.3 

.MiiKiiesia 0.4 

Soifjum  cliloride 0.04-0.1 

]r.in  oxWe 0.08-<l.l 

In  this  table,  which  has  little  value  becansa  of  the  variation  in  ihecott* 
position  of  tlie  mascles,  we  have  no  rei>nlt3  as  to  the  estimates  of  fat* 

'  Zeilschr,  f.  pliy^lol.  Cliem..  Bd.  W. 

*  Lehrbucb  d.  Zoochein.  (Wieo.  1876).  &.  104. 
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Oviug  to  the  variable  qaantit;  of  fat  in  meat  it  ia  hardlv  jKiesible  to  qnote* 
a  poeitire  average  for  tim  body.  After  most  careful  efforts  to  remove  the 
fat  from  the  mueclea  Tithout  chemical  means,  it  haa  been  fomid  tliat  a 
variable  qnantity  of  intennnscnlar  fat,  which  iloes  not  really  belong  to  the 
mnacular  tisEne,  ulwajs  remains.  The  smalleet  quantity  of  fat  in  the 
muscles  from  lean  oien  is  G.l  p.  m.  according  to  GnorvEN'.  and  T.T)  p.  ni. 
according  to  Petersen.  This  last  otmerver  also  found  regularly  a  amaller 
qaantity  of  fat,  7.6-8.0  p.  m.,  in  the  fore  quarter  of  oxen,  aitd  a  greater 
amount,  30.1-34.6  p.  m.,  in  the  hind  quarter  of  the  animal,  but  this  conid 
not  be  anbstaatiated  by  8teil.  '  A  small  qnautity  of  fat  has  aUo  been  found 
in  the  mnscles  of  vild  animals.  B.  Kunig  and  Fauwick  found  10.7  p.  m, 
fat  in  the  muscles  of  the  extremities  of  the  hare,  and  14.3  p.  ni.  in  the 
miiscleB  of  the  partridge.  The  muscles  of  pigf<  aud  fattened  animals  are, 
when  alt  the  adherent  fat  ia  removed,  very  rich  in  fat,  auionnting  to  40-90 
p.  ni.  The  muscIeK  of  certain  fishes  also  contain  a  liir^re  quantity  of  fat. 
According  to  Almen,  in  the  flesh  of  the  salmon,  the  mackerel,  and  the  eel 
there  are  contained  respectively  100,  164,  and  3'ilt  p.  m.  fat.* 

The  qnantity  of  watfr  id  the  muscle  is  liable  to  considerable  rariation. 
The  quantity  of  fat  has  a  special  influence  on  the  quantity  of  water,  and  we 
find,  as  a  rule,  that  the  tiesh  which  is  deficient  iu  water  is  correspondingly 
rich  in  fat.  The  quantity  of  water  does  not  depend  alone  tipou  the  araonnt 
of  fat,  bat  npon  many  other  circnmstancea,  among  which  we  must  mention 
the  age  of  the  animal.  In  yonng  animaU  the  organs  in  general,  and  tliere- 
fore  also  the  muacloB,  arc  poorer  in  aolida  and  richer  in  water.  In  man  the 
quantity  of  water  decreases  nntil  mature  age,  but  increases  again  towania  old 
age.  Work  and  rest  also  inflnence  the  qnantity  of  water,  for  the  active 
mniM^le  contains  more  water  than  the  inactive.  The  uninterruptedly  active 
heart  shonld  therefore  be  the  muscle  richest  in  water.  That  the  qnaulitj 
of  water  may  vary  independently  of  the  amount  of  fat  is  strikingly  shown 
by  comparing  the  muscles  of  different  s]>ecioB  of  animals.  In  cold-blooded 
animals  the  muscles  generally  have  a  greater  quantity  of  water,  in  birds  a 
tower.  The  comiiarison  of  the  tleiili  of  cuttle  and  fish  shows  very  atrikinglj 
the  different  amounts  of  water  (independent  of  the  quantity  of  fat)  In  the 
fleali  of  difterent  animals.  According  to  the  analysis  of  Auibn,'  the 
mnscles  of  lean  oxen  contain  1.5  p.  m.  fat  and  7€7  p.  m,  water;  the  tlesh  of 
the  pike  contains  only  1.5  fat  and  tiiiO  p.  m.  water. 

For  certain  purposes,  as,  for  example,  in  experiments  on  metabolism,  it 

<  PBUger's  Arcb.,  Bil.  61, 

*  Tn  regard  to  the  Htemture  Kod  romplete  ttatemetits  oo  (lie  txiiDpOBlliuci  of  flesh  of 
Tarimis  auimsls,  bck  KOnlg.  Clu-mie  iler  luvttKljiieheD  NnbruDgs-  uud  OcuuBsmiltel, 
S.  Aiifl. 

'  Nova  Act.  reg.  8oc.  Sclent.  Upaal.,  Vol.  rxtr.  ord.,  1677 ;  also  Maly's  Jubresber., 
Bd.  7.  9.  307. 
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IB  important  to  knoT  the  elementarj  composition  of  desh.  In  TOg&rd  to 
the  qnantity  of  nitrogen  we  generally  accept  Voit's  fignre,  namely,  3.4<, 
as  an  average  for  fmittk  lean  meat.  According  to  Xuwak  and  IIui'PEBt' 
this  qnantity  may  rary  about  O.G;^,  a&d  in  more  exact  ioTeetigatioDB  it  is 
therefore  necessary  to  specially  determine  the  uitrogen.  Complete  elemen* 
tiiry  analyses  of  flash  have  recently  been  made  vith  great  care  by  Auoi- 
1IKSKY.  Tlie  average  for  ox-flesh  dried  in  vacuo  and  free  from  fat  ocd 
irith  the  glycogen  dedncted  was  as  follows:  C  4D.0;  11  0.9;  N  15.3; 
O  +  S  SJ3.0;  and  ash  5.3j<.  The  relatiocahip  of  the  carbon  to  nitrogen, 
irhich  AaouTENSKY  calls  the  '*  plbsh  quotient,"  is  on  on  average  3.24  : 1. 
Aooording  to  Sai.kowski,*  of  the  totul  nitrogen  of  beef  77.4<i  was  ineoluhle 
proteids,  10.08^  soluble  proteids,  and  i'i.^'i^  other  soluble  bodies. 

We  have  complete  inrcstigations  by  Katz  *  as  to  the  qaantity  of  mineral 
conRtLtaentg  of  the  maecles  from  man  and  animals.  The  Tariation  in  the 
diSerent  elements  ]»  cou^iderable-  Fork  is  mach  richer  in  sodium  as  com- 
pared with  potassium  than  other  kinds  of  meat.  The  qnaatity  of  ma£- 
neaiiim  is  greater  &nd  often  coneiderably  greater  than  calcium  in  all  kinds  of 
Heeh  inveatigated,  with  the  exception  of  shell-tieh,  the  eel  and  the  pike.  Beef 
is  very  poor  in  calcium.  I^otasstnm  and  phosphoric  acid  are  the  most 
abundant  mineral  constituents  of  all  flesh. 

Non-striated  Uuscles. 

The  smooth  mnscles  have  a  neutral  or  alkaline  reaction  (Dt:  Bots- 
Eeymokd)  when  at  rest.  During  activity  they  are  acid,  which  is  inferred 
from  the  observations  of  Bernstein',  who  found  that  the  nearly  continutUly 
coutructing  sphincter  muscle  of  the  Avodouta  is  acid  during  life.  The 
smooth  muscles  may  also,  according  to  Heidekha-In  and  KCii^'£,  puss  into 
rigor  niorlis  and  thereby  become  acid.  A  spontaneously  coagnlating  plasma 
has  not  thus  far  been  obtained,  but  it  may  be  considered  as  the  juice 
obtained  by  pressing  the  muacles  of  the  Anodonta  and  which  coagulates 
immediately  at  -|-  4^°  C.  or  within  24  honrs  at  the  ordinary  t«mperature. 
Myosin  has  not  been  found  in  the  smooth  mascles.  IlKiDENHAiy  and 
Hellwio  *  have  obtained  from  the  smooth  mnscles  of  a  dog  an  albamiuoos 
body  which  coagulates  at  -|-  45^  to  49°  G.  and  which  is  analogons  to 
mnsculin.  Tlie  smootli  mnsoles  contain  large  amounts  of  alkali  albnminatm 
besides  an  albumin  coagulating  at  -\-  7^"  C. 

>  Volt.  7,i-lt«c-ljr.  t.  Hlologie,  B<l.  I ;  iluppert.  tbid.,  Bd.  7 ;  Nnwak,  Wleo.  8luiuig» 
ber..  BJ.  «4,  Abili.  2. 

■  Argiiliosky,  PflQger'e  Arch.,  Bd  55  ;  Salkon-akl.  Ceutnlbl.  f.  d.  med.  Wlueucb., 
18M. 

•  PflUger's  Arch.,  Bd.  68. 

*  Du  Boistiejinond  \a  Xwtae.  Hermann's  Haodb..  Bd.  1.  S.  338;  Rtmsteia,  iBhL; 
Eeldenbaln.  Aid..  S.  340,  with  Hellwig,  ihid.,  S-  889  ;  Kolinc.  Lftbrbuolt.  S.  881. 
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In  ncent  times  onr  knowledge  of  the  proteids  of  the  smooth  mascles  has 
been  advanced  hj  the  researchee  of  Velichi.'  He  has  prepared  a  nentral 
plasma  from  the  gizzard  of  geese,  according  to  t.  Fubth*s  method.  This 
plasma  coagalated  spontaneonslj  at  the  temperature  of  the  room,  although 
slowly.  It  contained  a  glohulin,  precipitated  hj  dialysis,  which  coagulated 
at  55-60°  G.  and  also  showed  certain  similarities  with  KDhke's  myosin. 
A  spontaneously  coagulating  alhumin,  which  differed  from  myogen 
(t.  F6bth)  by  coagulating  at  45-50°  C.  and  which  passes  in  spontaneous 
coagnlation  into  the  coagalated  modification  without  a  soluble  intermediate 
product,  exists  in  still  greater  quantities  in  this  plasma.  Alkali  albuminates 
do  not  occur,  but  a  nucleoproteid  is  found,  which  exists  in  about  five  times 
the  quantity  aa  compared  with  non-striated  muscles. 

Mamoglobin  occnrs  in  the  smooth  muscles  of  certain  animals,  but  ia 
absent  in  others.  Creatin  has  been  found  by  Lehmanx.'  According  to 
Fbekt  and  Valenciennes*  the  muscles  of  the  Cephalopods  contain 
taurin  besides  creatinin  {creatin  f).  Of  the  non- nitrogenous  substances, 
glycogtn  and  laciic  acid  have  been  found  withont  donbt.  The  mineral  con- 
stitnenta  show  the  remarkable  fact  that  the  sodium  combinations  exceed  the 
potassium  combinations. 

)  Ceotnlbl.  f.  PbysloL,  Bd.  IS,  8.  851. 

*  Cited  from  Naase,  1.  c.  B.  8Sd. 

*  Cited  from  KQhne's  Lehrbuch.S.  888. 


CHAPTER  XII. 
BRAIN  AND  NERVES. 

Ox  ftccoDDt  of  the  (iifliciilty  of  iniikiDg  a  mechanical  separation  aoA 
isolation  of  the  diilerent  tiBsne-elementB  of  the  nerrona  central  urgan  and 
the  nerves,  we  must  resort  to  a  few  microchemicjU  reactions,  chiefly  to 
qiinlitatiTe  and  qnantitatire  inrostigationa  of  the  tlilTereut  parts  of  the 
bruin,  in  order  to  Btadj  the  raried  chemical  composition  of  the  cells  and 
the  nerve-tnbes.  Thii}  stndy  is  accompanied  with  the  greatest  difficnl^; 
and  although  our  ki)0wle<lge  of  the  cheniicul  composition  of  the  brain  and 
nerves  Iios  been  somewhat  extended  by  the  invest igationii  of  modem  times, 
still  we  must  adnkit  that  this  sabject  is  as  yet  one  of  the  most  otiociire  am] 
coiriplicatod  in  physiological  chemistry. 

IVoteids  of  different  kinds  bare  been  shown  to  be  chemical  constitnents 
of  the  brain  and  nerves.  Some  of  them  are  insolnble  in  water  and  dilute 
neutral-salt  solntious,  and  some  ar@  solnble  therein.  Among  the  latter  we 
find  albumin  and  globnUn.  NttcUoathumin,  which  is  often  considered  afl 
an  alkali  albuminate,  also  occurs.  Ualliuurton  '  found  two  globulins  in 
the  brain,  one  of  which  coagtilateij  at  47-50°  C,  and  the  other  at  'i<f  G. 
He  fonnd,  in  the  gray  matter  a  nncleoalbnmiu  which  coagulated  at 
55-60°  C  ami  contained  0.5;^  pliosphorus.  It  seoms  unqn est! enable  that 
the  albuminons  bodies  belong  ohietly  to  the  gray  substance  of  the  brain 
and  to  the  axis-cylinders.  The  same  remarka  apply  to  nucMn,  which 
V.  Jacksch  '  found  in  large  quantities  in  the  gray  substance.  XeuroieratiH 
(see  page  C>1),  which  was  first  detected  by  KOhn'R,  and  which  [tartly  fora>s 
the  muroi/Ua,  and  which  as  a  double  sheatli  envelops  the  ontaide  of  the 
nerve  medulla  under  Schwanx'-s  slieatb  and  the  inner  axis-cylinders,  cbie% 
occurs  in  the  white  substance  (KOuxk  and  OniirgNDBK,  Bacmstabk  *). 

The  phosphorizod  sobstance  pTotagon  must  bo  considered  as  one  of  the 
chief  constitoeuta,  perhaps  the  only  constituent  {Bai'MSTark),  of  Llie  white 
Bubstauco.     This  last-mentioned  snbstance,  if  we  keep  for  the  present  to 

■  Oa  the  Chcmioil  Pliy&iolo^'y  of  vbe  AnfinnI  Ctll.     King's  College,  Loailou,  Pliy*- 
fologlcal  Laboratory.     CuLlccled  Papers.  No.  1,  1093. 

«paag«r-aArcb..Bd.  18. 

■  KQboe  and  CblUoodeu,  Zi^itscbr.  f.  Biologic,  Bd.   30 ;   Baunutark,   Zeitscbr.  f. 
physiol.  Cbem..  Bd.  9. 
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the  most  carefully  stttdied  protagou — because  there  are  perhaps  eetcnil 
diflerent  protogoas — yields  as  decoDiposicion  products  leeitliin,  f^tty  acids^ 
and  a  nitrogenona  subBtanco,  cfirehrin  ;  tliia  lust  prohaWy  does  not  occur 
preformed  in  tlio  brnin,  but  is  more  likely  a  praduol  of  tran^ffoniKition. 
That  lecithin  also  is  pre-oxistent  in  the  brain  and  nertcx  can  hardly  b& 
doubted.  Tbe  iuveatigBtiotis  thna  far  mude  have  not  shon-n  decidc<llj 
vhetber  it  is  more  abundant  in  the  gray  or  the  white  Eubstancc.  Faiiy 
acidi  and  neutral  fait  may  be  prepared  from  the  brain  and  nervee;  but  aa 
these  may  be  readily  derived  from  a  decomposition  of  lecithiu  and  protagoD, 
wliich  exist  in  tbe  fatty  tissue  between  the  nerve-tiibea,  it  is  ditVicult  to 
decide  what  part  the  fatty  acids  and  neutral  fats  play  as  cDnstituetits  of  the 
real  nerve-enbatance.  Cfiolesterin  is  also  foond  in  the  brata  and  nerves,  a 
part  free  and  a  part  in  chemical  coinbinatioit  of  nnknonn  constitution 
(Bauu^tark).  Cholesterin  seems  to  occur  in  greater  abnndnnce  in  tho 
white  Bubstance.  Besides  these  substances  the  nerrc  tissue,  especially  the 
white  substance,  contains  doubtle><a  a  number  of  other  constituents  not 
well  known,  and  among  which  are  several  containing  phosphorufi.  Till m- 
ciiuM  asserted  that  he  had  isolated  a  number  of  phosphorized  substances 
from  the  brain  which  he  divided  into  three  principrd  groups:  kepalirieg, 
mifelinejft  and  Withines.*  But  thus  far  thie  aesertion  lias  not  been  confirmed 
by  other  inrestigators. 

By  allowing  water  to  act  on  the  contents  of  tbe  niedulla,  round  or 
oblong  double-contoured  drojis  or  fibres,  not  unlike  doiiblc-coutoureil 
nerves,  are  formed.  This  remarkable  formation,  which  can  also  be  seen  in 
the  medulla  of  the  dead  nerve,  has  been  called  **  mye/iVu/orm^,"  and  tbey 
were  formerly  considered  as  produced  from  a  special  Iwdy,  **niyeline." 
Myeline  forms  may,  howeTor,  be  obtained  from  other  bodies,  such  as  impure 
protogon,  lecithin,  fat,  and  impure  cholester)D»  and  they  depend  on  a 
decomposition  of  the  constituents  of  the  medulla.  According  to  flAU  and 
Hetuank*  myeline  is  lecithin  in  u  free  condition  or  in  loose  chemical  com. 
'  bination. 

The  extracliiv  bodies  seem  to  be  almost  the  same  as  in  the  mnsclee. 
We  find  creatiUj  which  may,  however,  bo  absent  (IlAi:MRT.AnK),  junlhin 
hodiety  inosity  lactic  acid  (also  fermentation  lactic  acid),  nric  add,  Jecori'u 
(according  to  Bai-di,*  in  the  human  brain),  and  the  dianiin  neurtdin^ 
C\H,,N, ,  discovered  by  BniEOKit  *  and  which  is  most  interesting  because  of 
ita  appearance  in  the  putrefaction  of  auimal  tissues  or  in  cnltnres  of  the 
typhoid  bacillus.     Under  pathological  conditions  leucin  and  urea  have  beeu 

■  Tbiiilicliiiin,  Gniadzngf!  ttar  ■Dalmn.  uud  klia.  Cbem.,  Berlin,  18t)S,  and  Juuni.  t.', 
pnki.  Cliem,  fN.  P.).  IW.  58. 

■  Dm  Kolt-neymoml's  Arcb.,  1890. 

■  Ibid..  1^7.  SiippllHl. 
'BHpgpr.  Ti-lN-r  l>t<>inR|ae.     Berltii.  1885  nnd  1886. 
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found  iu  the  hrain.  Urea  is  ulso  a  phyaiological  consiituent  of  the  biaiti  of 
cortilaginotts  fishes.  According  to  the  reseftrclios  of  GrLKWiTson'  no 
neiirin  occnra  in  fresh  ox-bniins,  nor  la  it  formed  in  the  cleavage  of  [irc- 
tagoii.  Tlie  different  rcdtitts  obtained  by  Lieiiieekii  dei>eDdB,  according  to 
Iiiin,  tipon  liis  not  Imving  unalyzod  a  pure  preparation  of  clioliu  plaliniim 
ctiloride.  (iUI.ewitsch  found  area  &nd  two  not  Btndied  leocomainee  iu 
tlie  wutcry  extract  of  braloa. 

Of  tlie  above-mentioned  oonstitneots  of  me  nerve-sabstaace  protagou 
and  ita  decompottitioD  products,  the  cerefarine  or  eerebrosides,  must  be 
apecially  described. 

Protagon.  'I'liie  liody,  which  was  discovered  by  LlEBBGlcH,  la  a  nitrog- 
enixeJ  and  pliosphorized  snbstaneo  ivhose  elementary  conipoeition,  accord- 
ing to  liAMuKii  and  IJlankexhokn,  is  C  0G.:J9,  II  10.09,  X  2.39,  and 
P  l,0fi8  per  cent.  Uausstahk  and  Kupi'icl  obtained  the  sanie  ligares,  wliilc 
LiEiiUEicu  fontid  an  average  of  3.80^  \  and  1.23^  P.  Kossri,  and 
FREYTA(f,"  who  obtained  still  higher  figures  for  the  nitrogen,  namely,  3.2of, 
and  somewliat  lower  ligiires  for  the  phosjihcrns,  0.97^,  foand  some  solphar, 
an  average  of  0.5 1't,  regnhirly  in  the  protagon.  Iti'i'PKi.  also  fonnd  some 
sulphur,  but  in  Buch  small  quantity  that  he  considered  it  as  a  contamina- 
tion. On  boiling  with  baryta-water  protagoD  yields  the  decomiKwition 
products  of  lecithin,  namely,  fatty  acids,  glycerophosphoric  acid,  and  choho 
(rieuriii":'),  and  beisidoji  this  also  cerebrin.  Kossf.i.  and  Frettao  found  tliat 
protiLpon  not  only  yielded  cerebrin  in  its  decomposition,  bnt  two  and  perhaps 
iiidei'd  three  cerebrosidea  (sec  below),  namely,  CKitEJtKiN,  keraslk  (homo- 
oerobriu),  and  KScephaijk.  BecauBC  of  this  behavior,  and  also  becanw  of 
the  varying  elementary  composition  although  tlie  greatest  care  wait  talcen  in 
the  preparation,  Kui^ytau  considers  it  very  probable  that  there  are  Bereral 
protHgoiia. 

On  boiling  with  dilate  mineral  adds,  protagon  yields  among  other  8ol»- 
stances  a  reducing  carbohydrate.  On  oxidation  with  nitric  acid  protagon 
yields  higher  fatty  acids. 

Protagon  appears,  when  dry,  as  a  loose  white  powder.  It  diawlres  in 
iilcohol  of  85  vols,  per  cent  at  -}-  45"  C,  but  separates  on  cooling  as  a  snow- 
white,  Ilttky  precipitate,  consisting  of  balls  or  groujw  of  fiuo  crystalline 
noodles.  It  decomposes  on  heating  even  below  100"  C.  It  is  hardly  soluble 
in  cold  alcohol  or  ether,  but  dissolves  on  warming.  It  swells  in  little  water, 
ami  partly  decomposes.  With  more  water  it  swells  to  a  gelatinous  or  ]»8ly 
masK,  wliicli  with  much  water  yields  an  opalescent  liquid.  On  fusing  witli 
aaltpotre  and  soda,  alkali  phosphates  are  obtained. 


'  Z.-1iM:Ijr.  f.  pbyBioI.  Ctiem..  Bd.  27. 

*  GattiLnn:  tinil  lllnnkeulinni,  ZciUclir.  f.    pliysiol.    Ctiem.,   Bet.   3;  BnuniMark,  1. 
itupivrl,  Zciuchr.   F.  BtolnKie.  IV\.  81  ;   LIfbrclcli.  Aneol.  d.  Cliem.  ii.  Phum., 
IM;  Ko&wil  uQit  Freytag,  Zdlsclir.  (.  pliyalol.  Clrem..  Bd.  IT. 
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Protagon  is  prepared  in  the  following  vny:  Ac  ox-brain  oa  fre&li  oa 
possible,  with  the  blood  ami  membrflne-fl  carefully  remored,  is  ground  6na 
anil  tbeo  extracted  for  several  hours  with  alcohol  of  85  toIs.  per  cent  at 
~\-  io"  Cy  filtered  at  the  same  temperature,  and  tlio  residue  extracted  with 
warm  alcohol  nutiL  the  flltrate  does  not  yield  a  precipitate  at  0'  C.  The 
several  alcoholic  extracts  are  cooled  to  0"  C.  and  the  jHocipitatcs  united  and 
completely  extracted  with  cold  ether,  which  dlMokes  the  cbolesterin  and 
leeithin-like  hoJies.  The  resiiltie  is  now  strongly  pressed  between  filter- 
paper  and  allowed  to  dry  over  snlpharic  acid  or  phosphoric  anhydride.  Ti 
is  now  pulverized,  digested  with  alcohol  at  -\-  46°  C,  filtered  and  slowly 
cooled  to  0°  C'.  The  crystals  which  separate  may  be  porifiod  when  neeewtairy 
by  recrystallization. 

The  same  stops  are  taken  when  ve  wi»h  to  detect  the  presence  of 
protAgon. 

On  decomposing  protagon  or  the  protagons  by  the  gentle  action  of 
alkalies  we  obtain  as  cleavage  products,  as  abovo  stated,  one  or  more  bodies, 
vbidi  TiiuiiiciU'ii  has  embraced  under  the  name  cerehrosideit.  The  cere- 
brosides  are  nitrogenous  sahsLances  free  from  phosphoms,  which  yield  u 
reducing  variety  of  sugar  (galactose)  on  boiling  with  dilute  mineral  acids. 
On  fusing  with  potash  or  by  oxidation  with  nitric  acid  they  yield  higher, 
fatty  acids,  palmitic  or  stearic  acids.  The  cerebrosides  isolated  from  tho 
brain  are  cerebrin,  bernsin,  and  encepbalin.  Tlio  bodies  isolated  by  Kossel 
and  Fkeitao  from  pus,  pyonu  and  pyogeniti  also  belong  to  ttie  cerc- 
broaiiles. 

Cerebrin.  Under  this  name  W.  MCller'  first  described  a  nitrogenons 
sabfltance,  free  from  phosphorus,  which  he  obtained  by  extracting  a  brain- 
mass,  which  had  been  previously  boiled  with  harvta-watei",  with  boiling 
alcohol.  Following  a  method  essentially  the  same,  but  differing  eoniewlmt, 
Oeouueoas'  prepared  from  the  brain  a  cerBbrin  with  the  same  properties 
ac  MCi-LKU's,  bnt  containing  less  nitrogen.  According  to  Pakcus'  the 
cerobriu  isolated  by  Or.otJiirOAN  as  well  as  by  MCi.r.KK  cnnsirtts  of  a  mixttire 
of  three  bodies,  **  cerebrin,"  "  bomoccrebrln,"  and  "encophalin.'*  KossEL 
and  KuKYTAr,  isolated  two  cerebrosidea  from  protagon  which  wero  identical 
with  the  cerebrin  and  homocerebrin  of  pARCtfS.  According  to  these  inTCS- 
tigators  the  two  bodies  phrenosin  and  kenwin  as  dcseribod  by  TnuBlcHDM 
seem  to  be  identical  with  cerebrin  and  Immocorcbrin. 

Cerebrin,  according  to  PABrrs,  has  tho  following  composition:  C  69.08» 
n  11.47,  N  2.13,  O  17.32<,  which  corresponds  with  tlie  unalysca  made  by 
KuH»EL  and  KufcYTAU.  No  formula  has  been  gircn  to  this  body.  In  the 
dry  state  it  forms  a  pore  white,  odorless,  and  tasteless  powder.  On  heating 
it  melts,  decomposes  gradually,  smells  like  bnrnt  fat,  and  borns  with  a 


■  Auaal.  d.  Cbem.  u.  Plinrm.,  Bd.  lOn. 
'Zellichr.  f.  pbynlol.  Cliem  ,  Bil.  3. 

■  Pucua,  l^ebcr  eluige  oenc  Qebirn«toffe.     Inau^.-CUs,  Leipzig,  1861. 
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luminous  Hame.  It  is  insolable  nx  water,  dilute  Alkalies,  or  baryta-vatcr. 
It  ia  also  insolable  in  cold  alcohol  and  in  cold  or  hot  ether.  On  the  cnn- 
tmry,  it  is  soluble  in  boiling  nkohol  and  sepaiiiteB  as  a  llaky  precipitAte  oa 
oooling,  and  this  is  foniid  to  consist  of  a  maHs  of  bulls  or  grains  on  micro- 
soopical  examinatioTi.  Cerebriii  forms  with  barjta  a  compound,  insolnble 
ia  water,  which  dccompoBcs  by  tlic  action  of  carbon  dioiide.  Cerebrin 
dissolves  in  concontrated  sulphuric  acid,  and  on  warming  the  solntioo  it 
becomes  blood-red.  The  variety  of  sngar  split  off  on  boiling  with  mineml 
acids — the  so-called  brniii-sugiir — it;,  ucconiing  to  TiiiKRFRi,nt>it,'  galactose. 
Kerasin  (accordiug  to  TnuniciIDM)  or  hntnocrrebrin  (acoorOiDg  to 
pARcrs)  has  the  following  composition:  C  70.06,  H  U.fiO,  N  2.23,  and 
0  16.11,<.  Encephaliit  has  the  compoaition  C  68.40,  tl  11.60,  N  3.09,  and 
0  10.!)!^.  Both  bodies  remain  in  the  mother-liquor  after  the  impare 
cerobrin  has  precipitated  from  the  warm  alcohol.  These  bodies  have  the 
tendency  of  separating  as  gcLatinoud  niusses.  Kerasiu  is  similar  to  cerebrin, 
but  dissolves  more  easily  in  warm  alcohol  and  also  in  wami  ether.  It  may 
be  obtjiiiied  as  extremely  fine  needles.  Kiice])halin  is,  according  to  Parcl's, 
a  transformation  product  of  cerbriu.  In  the  perfectly  pnre  state  it  crystal- 
lizes in  small  lamellae.  It  swells  into  a  pasty  mass  In  warm  water.  Like 
cerebrin  and  kerasin,  it  yields  a  reduciDg  substance  (probably  galactose)  ou 
boiling  with  dilute  acid. 

The  cerebrins  are  generally  prepared  according  to  MOlleb's  method. 
The  brain  is  first  stirred  with  baryta-wiiter  until  it  appears  like  thin  milk, 
and  then  it  is  boiled.  The  iusolahle  parts  are  removed,  pressed,  and'1 
repeatedly  boiled  with  alcohol,  which  is  filtered  while  boiling  hot.  The 
impuro  cerebrin  which  separates  on  cooling  is  freed  from  cholesten'n  and  fst 
by  meiins  of  other,  and  then  puriiled  by  repeated  sottition  in  warn)  alcohol. 
According  to  I*Aiu't'.s  this  repeated  solution  In  alcohol  is  continued  until  no 
gelatinous  separation  of  liomocerehriu  or  encephalin  takes  place. 

Accordiug  to  Geooiieoan's  method  the  brain  is  first  extracted  with  cold 
alcohol  and  ether  and  then  boiled  with  alcohol.  The  precipitate  which 
sepiinites  on  the  cooling  of  the  alcoholic  filtrate  is  treated  with  ether  and 
then  boiled  with  baryta-water.  The  iusolnble  residue  is  purified  by  repeated 
solution  in  boiling  alcohol. 

The  cerebrin  may  also  be  obtained  from  other  organs  by  employing  the 
above  methods.  The  fpiuntitative  estimation,  when  sncb  is  desired,  may  be 
perfiirmed  in  the  snme  way. 

KoasEL  and  Frevta({  prepare  cerebrin  from  protagon  by  eaponifying  it 
in  n  solution  in  methyl  alcoliol  with  a  hot  solitticui  of  cuiistic  baryta  in 
methyl  alcohol.  The  precipitate  is  filtered  off  and  decomposed  in  water  by 
carbon  dioxide,  and  the  cerebrin  or  cerebrosido  extra<-ted  from  the  insoluble 
residue  by  hot  alcohol. 

■•aridln.  C,Ki,N,,  fs  a  nnn-potBoniiu^  illnmin  tliscaverpd  1)y  Bhibobh.  ami  wlifrlt'J 
was  utiialvied  \>j  liim  hi  l\\e  i>iitrcfii<^ll(>ii  of  mpnt  nncJ  gelnliu,  :iii4l  from  rnUun-s  of  Uisl 
typbuid  bscilliiB.  Il  al^o  occurs  uoder  pbyiUuLof^rul  coudJiimis  to  lliv  bmlit.  aitd  nt. 
traca  ia  the  yolk  of  tha  egg. 
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ITcuriilin  dnsnlvea  tn  wAWr.  nod  jlelda  oo  boiline  wHU  alkalies  «  mixture  of 
ditDc-IIi^Iiiitiin  uuJ  irlinuiliytiiniit].  It  citsaolvi's -villi  iliRic:iiliy  in  iinivl>alculiol.  Ii  ta 
iiiiolulilc  in  vi\wx  ur  abMiluic  ii}(<iliol.  In  liie  free  miiv  iipiitUIin  Ijus  a  |H-ciiliar  odur, 
Btif!t:tifctiug  »'uieu.  Willi  lij-'iroi-bluric  «cid  it  givL-s  »  com  l)i  nit  lit  in  cnrfdilUidiig  In  lung' 
neeilU-s.  With  jilaiiiilc  cliUiHilt;  or  golil  chlfirUio  it  gives  cryBlalliKnble  double  conibiua- 
tioiiA  wtiicli  art!  vulii.'iblc  in  i\n  prvparalinii  bdiI  iltiRCiioii. 

Tlie  )«i-ciillcd  ctmpnscn.A  amvi.acea,  wlilcli  rucnir  nii  lli«  iipfier  snrfac-c  of  llifl 
bralo  aod  In  the  piiuitarj-  filiinil.  are  colored  more  or  \ft&  pure  violet  by  itidiiit-  uiid 
more  blue  by  iiilphuric  hcUI  nud  iodine.  Tbry  cunRiKt.  iit-ilia|K<,  nf  ibc  rnaio  Miluiauce 
as  certain  pixiatattc  calculi,  but  tlicy  bavc  not  been  closoly  investigated, 

Quantitative    Competition  of  tht  Brain.     The  qaantitj  of  irater  is 

greater  in  the  grnj  than  in  the  white  enbatauce,  and  grenter  in  nev-born 
or  ;oung  iniliridiinls  than  in  atliiltd.  The  brain  of  the  fcrtug  contains 
67^^920  p.  Di.  irater.  According  to  the  obserrationa  of  Weisbacii  '  the 
4]aancitr  of  water  in  the  several  parts  of  the  bruin  (and  in  the  mednlla)  varies 
al  (lifl'erent  ages.  T]ie  following  figured  are  in  1000  jiarC^ — .  t  for  men  and 
B  for  women : 

91-30  V««i».  WMC  T««r».  M-™  Vwim.  Tft-W  Twr» 

A-          B.  'a~  B.~^  a.          if.  ^4  pr 

While >-ubfliaiicc of  Ibo brain  6Ba.8  BBSS  663.1  703.1  7MB  689.0  VitiA  Ti-i-Q 

Gmydillo 838, C  8^6  8  888.1  830.6  (m.O  8«8.4  8478  83«.5 

Gyrl 7847  7S9.0  7»r;.9  772.9  7M.1  7Wl »  802.8  801.7 

Ccrebelliiin  788.3  7M.0  778  7  78B.0  787.0  784.ft  803.4  797.9 

Pfthfi  Vi>rt>m 784.6  740.S  TSS.Q  722.0  720.1  714.0  7S7.4  TiiA 

3!ednIlaol.limgata 744.8  740.7  783.S  rJ9.8  722.4  780.6  789.3  788.7 

Qitiinlitative  analyeos  of  tlie  brain  have  also  been  made  by  I'KTttowsKY' 
on  an  ox-brain,  and  by  BAL'Mt>TAiiK  on  the  bntin  of  a  horse.  In  the  analysis 
of  Petkow.skv  the  protogon  has  not  been  considered,  and  all  organic,  pbos- 
pliorlzed  snbstaiices  were  calcnlated  aa  lecithin.  On  these  grounds  these 
analyses  are  not  of  uuch  Talue  from  a  certain  standpoint.  In  iUi.'MaTARK''3 
analyses  the  gray  and  the  white  suhstance  conld  not  besullicicntly  separated, 
ftnd  these  aiialyaea,  on  this  accomit,  show  partly  an  exoess  of  white  and 
partly  an  eicess  of  gray  iobstanne;  nearly  one  half  of  the  oi^anic  bodies, 
chiefly  consisting  of  bodies  soluble  in  ether,  cotild  not  be  exactly  analyzed. 
Meither  of  these  analr^ea  gires  sufficient  explanation  of  the  quantitative 
composition  of  the  brain. 

The  analyses  made  tip  to  the  present  time  give,  as  above  stated,  an 
nneqnal  division  of  the  organic  constituents  in  the  gruyaiul  white  siibatHnce. 
In  the  analyses  of  pFrrKousKT  the  quantity  of  protelds  and  gelatin-forming 
aobstanoes  in  the  gray  matter  was  somewhat  more  than  one  half,  and  in  the 
white  about  one  quarter,  of  the  solid  organic  substances.  The  quantity  of 
cholesterin  in  the  white  watt  about  one  half,  and  iu  the  gray  substance  abont 
one  6fth,  of  the  solid  bodies.  A  greater  quantity  of  soluble  salts  and 
eitraoUre  bodies  was  found  in  the  gray  tfulkstance  than  in  the  white 
(BAVM3T.vnK).     The  following  analyses  of  IIaiim.^tark  give  the  most  im- 

■  Cited  from  E.  B.  Hofmau&'i  LebrK  d.  Zoocbeinlo  <Wiea,  1676),  S.  121. 
•PflQger's  Arcb.,  Bd.  7. 
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portant  known  constituenLs  of  the  brain  calcnlated  in  1000  parts  of  tht 
fresh,  moist  liriiin.  A  represants  ohielly  the  white,  and  B  chielljr  the  grav, 
substance. 

A.  B. 

WMei- «fl.>S5  769.1)7 

SolWs 801*5  280.0S 

Prolii^oii a.Vn  10.80 

Ituolublo  proceld  and  cuncioctlvc  tissue &0.U3  60.79 

Cbole»t«iiti.  free 18.19  e.IW 

cooibiuetl. , ,.  aa.M  17.51 

KuclelD , 2.94  1 .  99 

N.Miiokfniliii 18.93  10.43 

Miut-ral  Ixxlies 5.23  S.62 

The  remainder  of  the  solids  probably  consists  chiefly  of  lecitbia  and 
other  pUosphorized  bodias.  Of  the  total  amount  of  phosphorna  15-20 
p.  uu  belongs  to  the  nuclein,  SO-CO  p.  m.  to  the  protagon,  150-]  60  p.  m. 
to  ttio  lish,  und  770  p.  m.  to  the  lecithin  and  the  other  phoephorized  organic 
substances. 

The  qnautity  of  nearokeralia  in  the  nerves  and  In  the  different  parts  of 
the  brain  has  been  carefully  determined  by  Kl'iine  und  Chitteniikn.i 
They  fonnd  3.1G  p.  m.  in  the  plexas  brachEalis,  3.12  p.  m.  in  the  edge  of 
the  cerebelluiD,  TZA'6\  p.  m.  iu  the  irhile  substance  of  the  cerebrnm, 
2ij.7'2-S9.02  p.  nt.  in  the  white  anbstance  of  the  corjma  callosnm,  and  Z.'Vt 
p.  m.  in  the  gray  snbstance  of  the  edge  of  the  oerebrnm  (irben  free  aa 
possible  from  white  snbstance).  The  white  is  very  considerably  richer  in 
noarokeratin  than  the  peripheric  nerves  or  the  gray  auhaCance.  According' 
to  Qrifpitiis*  nonrochitiu  replaces  nenrokeratin  in  insects  and  Crustacea, 
the  quantity  of  the  first  being  lO.G-12  p.  m. 

The  ({itantity  of  miaenil  constitente  in  the  brain  amounts  to  S.9^7.08 
p.  m.  according  to  GF.oon?.riAN.  Tie  fonnd  in  1000  parts  of  the  fresh, 
moist  brain  0.-t3-1.3-3  CI,  0.1)50-2. Olti  PO.,  0.244-0.71)0  CO.,  0.102-0.-i20 
SO.,  O.Ul-0.098  Fe,(l»0,),,  U.OO-VO.O'^'i  Ca,  0.010-0.072  Mg,  0.56-1.778 
E,  0. +50-1. 114  Xa.  The  gray  substance  yields  an  alkaline  aali,  the  white 
an  acid  ash. 

Appendix. 

The  Tissue  and  Fluids  of  the  £70. 

The  retina  contaioB  in  all  8Gd-S09.9  p.  m.  water,  57.1-84.5  p.  m. 
^roteid  bodies — myosin,  albumin,  and  mucin  (?),  9.5-38.9  p.  m.  lecithin, 
and  S.2-ll.'2  p.  m.  ealU  (lIoi>rK-SKYl.EH  and  Oakn'*).  The  mineral  bodiei 
consist  of  422  p.  m.  Na,lIPO,  and  3.V2  p.  m.  XaCl. 

Those  bodies  winch  form  the  different  segments  of  tbe  rods  and  oonv 

'  Zcliaclir.  (.  Blologle.  Bd.  M. 

•  Com  pi,  fMiil..  Tijiiio  TI5. 

■  ZeltKbr.  f.  pliysiol.  Cticm..  Qd.  5. 
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liBTe  not  b«en  cloeely  studied,  nod  the  greatest  interest  is  therefore  cou- 
neot«d  with  the  coloring  matters  of  the  retina. 

YiBiial  purple,  also  called  r/^oilopsiii,  erythropsin,  or  vistAL  bed,  is  the 
pigment  of  the  rods.  Boll  '  obaerTed  in  1876  that  the  layer  of  rods  in  the 
retina  dTiring  life  hail  a  jxirplish-red  color  which  was  bleached  by  the  action 
of  light.  KChxe*  showed  later  tliat  this  red  color  might  reniain  for  a  long 
time  after  the  death  of  the  animal  if  thej  eje  was  protected  from  daylight 
or  investigated  by  a  sodioni  light.  Under  these  conditions  it  was  also 
possible  to  isolate  and  closely  stody  this  Bahetaace. 

Visnal  red  (Boll)  or  visnal  purple  (ICChne)  has  become  known  mainly 
by  the  inTestigations  of  KOcnk.  The  pigment  occurs  chiefly  in  the  rwls 
and  only  in  their  outer  parts.  In  animals  whose  retina  has  no  rods  the 
Tisnal  porple  is  abeentf  and  ia  also  neceeearily  absent  in  the  macnla  Int^a. 
In  a  Tariety  of  bat  {rhinolopkus  hipposideros),  in  bens,  pigeons,  and  new- 
born rabbits,  no  visual  purple  has  been  found  m  the  rods. 

A  solntioH  of  Tisiml  purple  in  water  which  contains  2-6^  crystallized 
biloi  which  is  the  best  nolveiit  for  it,  is  purple-red  iu  color,  quite  clear,  ami 
not  tlDoresceut.  On  evaporating  this  soltitioa  in  vaaio  we  obtain  a  residue 
similar  to  ammoninm  carminatc  which  contains  violet  or  black  grains.  If 
the  above  solntion  is  dialjzcd  with  water,  the  bile  diffuses  and  the  visual 
porple  separates  as  a  violet  mass.  ITnder  all  circumstances,  even  when  still 
in  the  retina,  tlie  visual  purple  is  quickly  bleached  by  direct  sunlight,  and 
with  diffused  light  with  a  rapidity  corresponding  to  the  inten>ity  of  tho 
light.  It  passes  from  red  and  orange  to  yellow.  lied  light  bleaches  the 
Tisua'  porple  slowly;  the  nltra-red  light  does  not  bleach  it  at  all.  A  sola* 
lion  of  vit^tial  )iuri>le  shows  nu  B|iecial  absorption  •bands,  hut  only  a  general 
absorption  which  extends  from  the  red  side,  beginning  at  />,  to  the  line  0^ 
The  strongest  absorption  is  found  at  £. 

K(>KTi'uK.<<  Hiu)  AnKLSDoiir'  liave  hIiowii  tliat  we  h«v«,  in  nrcordance  with  EtiiiKK's 
TlewB.  iwu  riiH/'ltes  nf  vIsiik)  piirplt-.  tlie  one  occurring  In  inimitn&ls,  binls.  and  iiiTi)ilbfli- 
Isne.  Mill  itiu  otUer.  whicli  is  more  viulft  r«it.  Id  6»\ica.  Tlie  lint  baa  iU  uiitAiuiuta 
alMorpllou  In  lliogn-cu,  Kud  theatlicr  iu  tlioyvllowtsli  green. 

Visual  purple  when  heated  to  52-52**  0.  is  destroyed  after  several  bours^ 
and  almost  instantly  when  heated  to  -f  70°  C.  It  is  also  destroyed  by 
alkalies,  acids,  alcohol,  ether,  and  chloroform.  On  the  contrary,  it  resists 
the  action  of  ammonia  or  alum  solntion. 

As  the  visual  pnrple  is  easily  destroyed  by  light,  it  must  therefore  also 
be  regenerated  during  life.     K0HVE  has  also  found  that  the  retina  of  the 


■  MonstsBCbr.  il.  Berl.  Ak&d..  13  Xov  .  1876. 

*  Tlie  iDvesilgailons  of  KQhii«  anil  tits  pupils  Ewnld  aa<\  Ayrcs  od  llic  Tlsiinl  purplo- 
win  be  fi>unil  In  Uulcrsucliuagen  aiu  ilem  pliyitiul.  Inslllut  ilcr  UniverslIU  UviUclbrrg, 
Bdd.  1  Qod  2.  and  In  Zeflscbr.  f.  Blologle,  Bd.  RS. 

*C«ntralbl.  t.  Ptiyalul..  lid.  9,  also  Maly'a  Jaliresber.  Ud.  25,  6.  8S1. 
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«/e  of  the  frog  becomes  bleached  vlien  exposed  for  a  Inng  time  to  etroog 
Bimlight,  and  tlmt  its  color  grmlTiuUy  rotiiros  when  the  animal  is  placed  in 
llie  dark.  Tbia  regener-Uion  of  the  risaal  iinrjdo  U  n  function  of  the  living 
cells  ID  the  layer  of  the  plgmeut-epitbeliiim  of  the  retlua.  This  majr  b« 
iDferre<J  from  tlio  fmU  thnt  u  detaclied  jiinee  of  the  retina  which  has  bcea 
bleached  by  light  may  hare  its  tianal  pnr|do  restoretl  if  IIib  detached  piece 
«f  the  retina  be  carefully  laid  ou  the  chorioi'dea  haviD^  layers  of  ib« 
pigment-epitbolium  attached.  The  regeneration  ha«,  it  soenis,  nothing  to 
do  with  the  dark  pigment,  the  melanin  or  fuscin,  in  the  epitheliuni-cetls. 
A  partial  regenenition  seems,  according  to  KCuke,  to  be  possible  in  the 
completely  removed  retina.  On  account  of  this  property  of  the  vimal 
pnrple  of  being  bleached  by  light  dnring  life  we  may,  iis  KCnXE  has  showDf 
nnder  special  conditions  and  by  observing  special  precantions,  obtain  after 
death  by  the  action  of  inten&e  light  or  more  eontinnons  light  the  pictare  of 
bright  objects,  such  as  windows  and  the  like — ao-called  optogrunis. 

The  physiological  importance  of  visual  purple  is  nnknown.  It  follows 
that  Che  visual  purple  \a  not  essential  to  sight,  since  it  is  abseot  in  certain 
ntiiinals  and  ntinO  in  the  cones. 

Visual  pnrple  must  always  bo  prepared  oxclasively  in  a  sodium  light. 
It  is  extracted  from  the  net  njembrane  by  means  of  a  watery  solatiou  of 
■oryatallizerl  bile.  The  filtered  Rolntion  is  evaporated  in  vacuo  or  diatyxed 
antil  the  visual  pnrple  is  separated.  To  prepare  a  visual-porple  solution, 
perfectly  free  fruni  httmoglobiri,  the  solution  of  vi^iual  purple  in  choliates  is 
precipitated  by  saturating  with  niagneiium  Bulpbate,  washing  the  precipitate 
with  a  uatnruleii  solution  of  mugnesiiitn  eiilnlitite,  and  then  dissolving  in 
-water  by  the  aid  of  the  simnltaneousty  precipitated  choliates.' 

The  Pi^intiiU  of  (M  Cone^.  In  Hje  iiuier  iwgmeiil.'i  of  Ihe  coui-s  o(  •blrda,  reptile*, 
ami  tlsiiKH  11  siiiitll  ruUglohiilL'  of  veiiytiig  color  In  ToLiuJ.  Kqbkk'  hux  fsoUited  (n)in  llils 
fut  ti  ^Tceit.  ti  yellow,  and  u  red  pigmeut  called  respectively  (hi-jTuphan.  xanUtopau,  mmI 
rhodapfMit 

TLc  diirk  pigment  of  the  epithelium  cells  of  tbc  net  membnuie.  which  wm  fot- 
lUL-ily  cfiliiHl  md'tniit,  but  siu<:<.<  iuimK<i  J'uMin  hy  KiinHH  hdiI  May,'  dissolves  in  cooccfl- 
tmte'l  rBU:)tlc  nlkallrN  or  ci>ucontr>iiv<)  nulplnirlc  acid  on  watuiiog.  but.  hWv  nieloufits  tn 
guovral  <aBu  CliiL|)t«r  XVIl.  bits  been  lltLlb  sLudind.  Tlin  pigitictit  oncitrrliig  to  tlic 
plgtiKMit-rulU  of  lliu  ctilurioTdoih  siMUti  to  he  iJ^titlcnl  wllli  the  tumia  of  ilie  rtiiDa. 

The  vitreous  humor  ia  often  considered  as  a  variety  of  gelatinons  tissue. 
The  membrane  consiKta,  according  to  C.  A1or>"EB»'  of  a  gelatin-formiag 
substanoe.  The  Huid  contains  a  little  proteid  and  a  mucoid,  h^alomueoUl, 
which  was  first  shown  by  Muicnkr,  and  which  is  not  precipitated  by  acetio 
acid.  This  contains  Vl.'^l't'i  M  and  1.19^  S.  Among  the  extractives  we 
find  a  little  urea— according  to  Picabd*  fi  p.  m.,  according  to  Rauluakn'* 

'  KQhnc.  Zeltschr.  f.  Binlogle,  Bd.  Ss! 

*  KUIjdc.  Dlti  iiicbtbffsiaiidigea  Farbeo  der  Ketzliaut. 
InKluii  Hcldi'lbcrg.  Bd.  1.  8-  MI. 

*  RobDfl,  ibid..  Bd.  3,  S  S24. 
'Zeltscbr.  f  phyatol.  Cb«m.,  Bd.  18. 
'  0»mfjee'B  Physiol.  Cbcm.,  p  454. 

*  MaI>-'»  JahtesbiT..  Bd.  6,  8.  319. 
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0.64  p.  m.  Patttz  '  found  besidea  some  nrea  also  paralactic  anid^  and,  ia 
confirmation  of  the  gtatenieiits  of  Cuaiibas,  Jesneb,  and  Ki'hn-,  also 
glncoBO  in  the  vitreons  humor  of  oxeu.  The  reaction  of  the  Titreous  hnmor 
is  alkaline^  aatl  the  (piantity  of  solids  anionnts  to  about  II  p.  m.  Thtt 
qnaniltj  of  mineral  bodies  ia  abont  0  p.  m.,  and  the  albautiaoua  bodies  0.7 
p.  m.     In  repard  to  tlie  a^jueouB  hamor  sec  page  194. 

The  Crystalline  Lena.  That  substance  which  forms  the  cnpsnle  of  the 
len>t  has  been  recentl;  inTestigated  b;  C.  Morn'EK.  It  Iwlongs,  accord- 
ing to  him,  to  a  special  group  of  proteina,  calle4l  tneinbranins.  Tlie 
morohmnin  bodiea  are  insoluble  at  the  ordinary  temperatore  in  water,  salfe 
Bolotione,  dilute  acids,  and  alkalies,  and,  like  the  mncins,  yield  a  redncing 
aabstance  on  boiling  with  dilate  mineral  acids.  Thej  contain  aulpbur, 
whirl)  blackens  lead.  The  membranins  are  colored  a  very  beantifnl  red  br 
Mli,LOX*s  reagent,  but  giro  no  characteriatic  reaction  witli  concentrated 
hydrochloric  acid  or  Adaukiewicz's  reagent.  They  are  dieaolred  with 
great  difficulty  by  pepein-hydrocbloric  acid  or  trypsin  solution.  They  are 
digsolrod  by  dilnte  acids  and  akaliea  in  the  warmth.  Membranln  of  the 
capsnlo  of  the  tens  contains  \\.\(H  N  and  O.S3;i  S,  and  ia  a  little  leea  soluble 
than  that  from  Of.s<:'emet'h  membrane. 

The  chief  mass  of  the  eolidg  of  the  cryetallino  lens  consists  of  proteids, 
whotte  nature  has  been  investigated  by  C.  Moknkk.'  8omo  of  tlieeo  proteids 
are  insoluble  in  dilute  salt  aolution,  and  others  eolnbte  therein. 

Thv  Insohtble  Proteid.  The  lens-fibrca  consist  of  a  proteid  snhatance 
which  ia  insolnble  in  water  and  salt  polution  to  which  Moknek  hae  given 
the  name  ALOCaioU).  It  diasolves  readily  in  very  dilute  acids  oralkalioa. 
Its  Bolntion  in  caui^tic  potaali  of  0.\%  is  very  similar  to  an  alkali-albuminato 
eolation,  but  coagulates  at  abont  50°  C.  on  nearly  complete  neutruliKatioa 
and  addition  of  Sj(  NaCI.  Albnmoid  has  the  following  composition: 
C  53.19,  H  0.8,  N  IB.Gii,  ami  S  0.79^.  The  lens-fibres  themselveg  contain 
IH.ni^  N  and  0.77^  S.  The  inner  parte  of  the  lens  are  coiiBiderahly  richer 
in  albnmoid  than  the  outer.  The  r^uantity  of  albnmoid  in  the  entire  Ions 
anion nt«  on  an  average  to  abont  48^  of  the  total  weight  of  proteids  of  the 
lena. 

0The  Soluble  Proteid  consista,  eiclnaive  of  a  very  email  p;antity  of 
ALni'Mix,  of  two  globnlins,  «-  and  /i-r«TSTAi,LiN.  These  two  globulins 
differ  from  each  other  in  this  manner:  a-oryetalUn  contains  16.68!t  N  and 
0M>^  S;  /?-crystaIlin,  on  the  contrary,  17.04<<  N  and  l.'i?«  S.  The  first 
coagolatea  at  about  73°  C,  and  the  other  at  63°  C.  Beoides  thia,  /J-crystal- 
lin  is  precipitateil  from  salt-free  aolotion  with  greater  difiioulty  by  acetio 
acid  or  carbon  dioxide.     These  ^'loSmliDs  are  not  precipitated  by  an  exceai 


'  Z«iiacbr.  (.  Blologle.  Bd   81.     A  complete  Index  of  Itlenhira  maj  ba  found  brn. 
*  Zsllsdir.  f.  physlol.  Cbero,,  Bd,  18.    Tbls  contafos  also  the  perllaeDt  lltetmlurtt. 
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of  NaCI  at  either  the  ordinary  temperature  or  30°  C.    Magnesiam  or  sofiiiim 

Bulpbate   ia   snbataiice   precipitates   both    globaliDg,    on    the   coiitrarv,  ut 

80"  C.     These  two  globnliDs  are  uot  equally  divided  in  tlie  maaa  of  the  leru. 

The  qnantity  of  a-crystallitt  diminiBhea  in  the  lens  from  without  iuwarda; 

/?-crji<tailin,  on  the  contrary,  froai  withiu  outwards. 

ABkcoamf'  diitiugukbes  Ilie  iwo  following  iJbuiiiiDous  bodies  ]□  Ibe  wftiet; 
extract  of  tbi>  cryttslLiuo  Itrns :  phaaoM^mam,  vi-liicli  rimgulatea  at  +  OV  C.  and  cooiaioi 
a  dinrtflllc  ctizj-mc,  uiid  hu  n  specific  rouiory  pi>wcr  <>t  f<.i\j  —  —  41*,  and  tlie  trfaUU- 
bumin,  with  »  apccifir  rolntory  nnwer  of  {n)j  =  ~  SO*. 3,  From  ihi?  rvsldui*  of  the  I«ii, 
which  was  iQsoUible  in  waier,  kkcxiaw  eiintcied,  hy  tnesnf  of  bydrocbloric  acid,  m 
albuioinoiu  body  biivEug  r  bijccUjc  ruUitury  power  uf  {ayj  =  ~  tW*.3  wbicli  is  Cftik-il 
crjftttilfiMn. 

The  lens  does  not  seem  to  contain  any  proteid  bodies  which  coagnlale 
epontaneoDsly  like  fibrinogen.  That  clondiness  which  appears  after  death 
depends,  uccordiug  to  KCiiNK,  upon  the  Tineqnal  changing  of  the  conceo- 
tratioQ  of  the  contents  of  the  tens-tubes.  This  change  is  prodnced  by  the 
altered  ratio  of  dilTusion.  A  clondiness  of  the  leiia  may  also  be  prodnced  in 
life  by  a  rapid  removal  of  water,  as,  for  exanijile,  wlten  a  frog  is  plunged 
into  a  salt  or  sugar  solution  (Kl'NUu').  The  appearance  of  cloudiness  in 
diabetes  has  been  attributed  by  some  to  the  removal  of  water.  The  views 
on  thia  subject  are,  however,  contradictory. 

The  average  resolts  of  foar  analyses  made  by  Laptschisskt  '  of  the 
lens  of  oxeu  are  here  given,  calculated  in  parta  per  1000: 

Pmlcids  849.8 

Udilito 8.8 

Clialeilerin 8.8 

Fat 8.0 

Soluble  salu 0.8 

luwiluble  aalta 2.8 

In  cataract  the  amount  of  proteids  is  diminished  and  the  amonnt  of 
cholosterin  increased. 

The  quantity  of  the  ditTerent  protelda  in  the  fresh  moist  lena  of  ozeo  is 
aa  follows,  according  to  Mobneb*: 

AlbuEDoid  (lens-Qbri'S) 170  p.  m. 

/5-cryslnIlit) 110     '* 

a-cryolallia 08     ** 

Albumin a     "   - 

The  corneal  tisane  has  been  previonsly  treated  of  (page  330).  The 
Bolerotio  has  not  been  closely  iuvesligatwlt  and  the  choroid  coat  is  chiefly 
of  interest  because  of  the  coloring  matter,  melanin,  it  contains  (see  Chap. 
XVI). 

Teaks  consist  of  a  water-clear,  alkalip?  flaid  of  a  saltish  taste.     Aocord- 


'  Oompt.  rend..  Tome  00. 

■  KRbue,  Lchrbuch  d.  pbyabl.  Cbein..  S.  405 ;  Euade,  cited  from  KObae. 

■  Pnngcr'a  Arch.,  Bd.  IS. 
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iDg  to  the  analyses  of  Lerch  '  they  coatain  982  p.  m.  water,  18  p.  m.  solida, 
with  6  p.  m.  albamin  and  13  p.  m.  NaCl. 

The  Floidt  of  the  Inner  Ear. 

The  perilymph  and  endolymph  are  alkaline  flaidB  which,  besides  salts, 
contain — in  the  same  amounts  as  in  transudations — traces  of  proieid,  and  in 
certain  animals  (codfish)  also  mucin.  The  quantity  of  mucin  is  greater  in 
the  perilymph  than  in  the  endolymph. 

Otoliths  contain  745-795  p.  m.  inorganic  substance,  which  consists 
chiefly  of  crystallized  calcium  carbonate.  The  organic  substance  is  very 
like  mucin. 

■  Cited  from  Oorup-Betaoez,  Lebrb.  d.  physiol.  Chem.,  4.  Aufl.,  S.  401. 
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(a)  Mide  Generative  Secretions. 

Tuif  tflttifl  have  been  littlo  investi^ted  chemlcallj.  We  Gnd  in  Ui« 
testis  of  tininiikU  proteid  boJiea  of  different  kinds,  seralOumint  altaii  oUh- 
minnfe  (?),  and  an  albuiiiinonft  body  related  to  Rotida!!'  hi/nltne  snMana, 
aUo  Itiucm^  tyrosin,  creafiiiy  xanth'tn  bodifis.,  cholcsterijit  lecithin,  inosU^  and 
fat.  In  regard  to  the  occurrenco  of  glycogen  the  stntemonta  are  somewhat 
contradictory.  Dakkstb'  fonnd  in  the  testis  of  birds  starcb*like  granules, 
which  were  colored  bhie  with  ditUcnlty  by  iodine. 

The  semen  aa  ejected  is  a  white  or  wliitisli-yelloT,  riscons,  sticky  fiaid 
of  a  milky  iippearaiice,  with  whitish,  no n- transparent  Itiniiw.  The  milky 
appearance  is  dne  to  spermatozoa.  Semen  is  heavier  than  water,  contains 
proteids,  bos  a  neutral  or  faintly  alkaline  reaction  and  a  pccnljar  specific 
odor.  Soon  after  ejection  senaen  becomes  gelatinons,  as  if  it  were  coagu- 
lated, bnt  afterwards  becomes  more  ilnid.  When  diluted  with  water  white 
flakes  or  shreds  separate  (LIcnlk's /in'/;).  According  to  the  analyses  of 
VAUiiiKLin'  buiTian  Bemeii  contains  000  p.  ni.  water  and  100  p.  m.  soUdf, 
with  GO  p.  m.  organic  and  40  p.  m.  inorganic  snbst&nco,  of  which  30  p.  m. 
is  calciom  phosphate.  Among  tlic  albuminous  bodies  Posxek  '  claims  that 
albumose  (propeptono)  occurs  even  in  the  abeonco  of  the  spermatozoa. 

Tlie  somen  in  the  v&a  deferens  diiTors  cluofly  from  the  ejected  semen  in 
that  it  ii!  without  the  peculiar  odor.  This  lust  depends  on  the  admixtnre 
with  the  secretion  of  tlie  prostate.  This  secretion,  according  to  Iverses,' 
has  a  milky  appOHnuii-u  and  ordiniirily  an  alkaline  reaction,  very  rarelr  a 
neutral  one,  and  contains  small  amounts  of  proteids  and  mioeral  bodies, 
especially  KaCl.  Besides  these  it  contains  a  crystalline  combination  of 
phosphoric  acid  with  a  base,  0,H,X.  This  combination  hae  been  called 
BdrrcHER^S  spermin  cryxtah^  and  it  is  claimed  that  the  specific  odor  of  the 
Mmen  is  doe  to  a  partial  decomposition  of  these  crystals. 

'  Compt,  rend.,  Tonw  74. 

*  Cited  from  Lehmann's  Lebrb.  <!.  physio].  Cbem,  (Leipzig.  1851}),  Bd.  2,  S.  808. 

>  Berlin,  kiln.  Wocbonackr.,  1688.  Mo.  31,  andCentralbt.  t.  d.  med.  Wtsseusch.,  lt)90. 
B.497. 

*  ITord.  med.  Ark.,  Bd.  8  ;  also  Haly's  Jahrwber..  Bd.  4.  8,  856. 
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The  crTiBl^Hiich  appear  ou  slowlj  erapoTating  the  semen,  and  whicti 
are  also  obeerred  in  anatomical  jirepamtioiis  kept  in  itlcoliol  ami  in  desiccated 
egg-albumin,  are  identicaE,  according  to  ScnnF.iNER,  with  Chahcot's 
crystals  foand  in  the  blood,  and  m  the  lymphatic  glands  in  lencieiDia,  but 
this  haa  not  been  proved.  They  arc,  according  to  Schrkiner,^  a  combina- 
tion of  phosphoric  acid  with  a  base,  fjiermiut  C,II,N,  which  ho  diacovered. 

Spsnuiii.  The  vion's  in  report!  lu  liic  nnltii-c  of  litis  Imse  nre  DOt  uiiaiiititniia.  Arroii]. 
itii;  i«i  tlif  triTeiifgnliotiH  of  Lai>bnbuh(i  ami  Abku  It  ia  iiol  lmi>robnljl«  ih.nt  siK-nniii  is 
Idfiillvnl  will)  i.-tlj;li.-iitiiilii  ;  lint  itii«  idr-ntiiy  ia  illftput4;(l  li;  MAJKirr  niiil  A.  Siuuitir, 
and  h1»o  by  PoEiir..  Tiie  cotiipouud  of  Bpermin  witli  plmsplmric  nciii — iionniEiit'B 
speniiin  rryilftle — is  icisoliible  iu  alcohol,  rllirr,  Miit  c]iluti'r<iriii,  Kulii')k'  willt  iliflii-nliy 
in  cold  water,  but  mnrc  rcwllly  in  Uot  waler,  ncid  ciisiiy  m)Iu)>Ic  in  dilute  icIiU  or  dlkti. 
lies,  also  alkali  ciirbouaLcM  unJ  suimouiit.  The  btiK  h  prccijuiuitcd  liy  tniiTiic-  mUl. 
inerciiric  clilorlde.  gold  rhloridf,  plaliDir  chloride,  pntnwiluiii-ljisniiiililc  iodide,  tn^ 
pliiMplio-lmigHttc  acid.  Spermio  has  a  tonic  action,  and  nccirdlog  to  Pubdl  '  il  baa  a 
marked  actinu  on  tliu  oiidatiuu  processes  of  lliu  auinia]  liudy.* 

The  spermatozoa  sliow  a  great  resifltaiice  to  chemical  reagents  in  general. 
Ttiey  do  not  diaiiolTe  completely  in  concentrated  eulphnric  iicid,  nitric  acid^ 
acetic  acid,  nor  in  boiling-hot  soda  solntloua.  They  are  solnble  in  a  boiliug- 
hot  cftUBtic- potash  Bohition.  They  resist  pntrefaction,  and  after  drying 
they  may  bo  obtained  again  in  their  original  form  by  moietening  them  with 
a  1^  commoQ-ealt  solution.  By  careftil  lieuting  and  burning  to  an  aeh  tlie 
shape  of  the  epermatozoa  may  be  seen  in  the  aa)i.  The  quantity  of  ash  is 
about  bO  p.  m.  and  consists  mainly  (j)  of  pnta^inm  phosphate. 

The  8])ermatozoa  show  well-known  moTeraents,  but  the  canse  of  this  is 
not  known.  Tliis  morement  may  continue  for  a  rcry  long  time,  us  under 
Bonie  conditions  it  may  bo  observed  for  several  diiys  in  the  body  after  death, 
and  in  tlie  secretion  of  the  ntenis  longer  than  a  week.  Acid  Hfjiiids  atop 
these  TOOTements  inmieiliately;  they  are  also  destroyed  by  Htrong  alkalies,, 
especially  ammoniuc;d  liquids,  also  by  distilled  wuler,  alcohol,  ether,  etc. 
The  movementa  continue  for  a  longer  time  in  faintly  alkaline  liqnids, 
especially  in  alkaline  animal  secretions,  and  also  in  properly  diluted  iicutral- 
Bult  solutions. 

Sperniatoxoa  are  nucleus  formations  and  hence  are  rioh  in  nucleic  acid, 
which  exists  in  the  beads.  The  tails  contain  proteid  and  are  besides  this  rich 
in  lecithin,  cholesterin,  »nd  lat,  which  bodies  only  occur  to  a  sraal]  extent 
(if  at  all)  in  the  heads.  The  tails  seem  by  their  composition  to  be  closely 
allieil  to  the  non-medullated  nerves  or  the  axia-cylinders.  In  the  rarioua 
kinds  of  aniinalt  inyeatigated,  the  head  contains  Qucleic  acid,  and  this  is 


■  Schreiner,  Annnt.  do  Cbem.  u.  Phartu..  Bd.  104.  Sea  alsA  Th.  Cobn,  Deulacti.^ 
AnOi.  r.  kLio.  31ed..  B<1.  S4. 

*  Ladcnburg  Aod  Al)fl,  Itnr.  d.  dciilsrh.  cbem.  Qcflellsch.,  Bd.  31  ;  Miijert  and  A. 
Sdiniidt.  Ot^.,  Bd.  34  ;  Pueiil,  Cumpt.  read.,  Touie  1 10,  Berlli].  klin.  WocUerschr..  1891 
aud  1898.  DeutKli.in«d.  Wcx;IieuHclir.,  1893  and  \i*Q't.  aud  Zcltschr.  f.  kllii   Mvd  ,  1804. 

■  In  regard  to  the  ho  called  Fldreoce'a  ^emeii  reaction  Bce  Poauer,  (Berlin,  klln^ 
WocbenKUr,  1897,  nml  RIchtcr.  Wku   klin.  Wochenacbr..  1897. 
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United  vlLh  protainln  (or  Balmin  unrl  gtnriD)  in  certniD  fiehee  (aalmOD, 
herring,  and  etargeoD).  In  other  animals,  such  as  the  carp,  bulK  and  boor, 
protcid-like  Bubstaucos  occur  with  the  nucleic  acid,  bnt  no  protamin.  Tha 
same  ia  trnofor  tlic  sQa-iircliiii,  arbacia,  whose  spermatozoa  coutaia  nucleic 
acid  in  combination  vtth  a  hietoii-lilce  body,  arbacin. 

Oar  knowledge  of  the  chemical  composition  of  spermatozoa  has  t*cii 
greatly  enhanced  by  the  important  invest igationa  of  Miescheh  '  on  eahnou 
roe.  The  intennediate  flnid  of  the  spermatozoa  of  Rhine  Kalnion  is  a  dilnte 
salt  solution  containing  1.3-1,5  p.  m.  organic  bodies  and  ^.T>-'!.b  p.  m. 
inorgnriic.  Thelast  eooRiitt  chietly  of  goditim  chloride  and  carbonate,  besides 
some  potassium  chloride  and  Rulpluite.  It  only  contains  traces  of  proteid, 
bnt  no  peptone.  The  tailaconsipt  of  4IJ)  p.  m.  proteid,  318.3  p.  in.  lecitbin, 
and  ati'-i.?  p.  m.  cboleaterin  and  fat.  The  heads  extracted  with  alcohol- 
ether  contain  on  an  average  9C0  p.  m.  nncleic  acid  protamin,  which  nercr- 
tliele^s  is  not  nnifonn,  hnt  is  so  diTidetl  that  the  onter  layers  consist  of  basic 
nucleic  ucid  protuiuin,  while  the  inner  layers,  on  the  contrary,  coniust  of  acid 
nucleic  acid  protamin.  Besides  the  nucleic  acid  protamin  we  have  in  the 
heads,  althntigh  to  a  very  slight  extent,  nnknown  organic  sabstanc^e.  The 
unripe  salmon  spermatozoa,  wliile  dereloping,  also  contain  nncleic  acid,  hut 
no  protamin,  with  a  proteid  substance,  "  albuminoKt'^  which  probably  is  & 
step  in  the  formation  of  protamin. 

As  in  the  salmon  so  in  the  herring  the  spermatozoa  heads  oontain  nncleic 
acid  protamin,  according  to  Kussel  and  Mathews,'  and  they  are  free  from 
proteid.  Watiikws,  who  investigated  the  Bpennatozoa  of  the  lea-urchin, 
has  substantiated  Miesoher's  statement  that  protamin  docs  not  exrat  in  ihe 
ball-spermatozoa.  According  to  him  boar-spermatozoa  are  also  free  from 
protitinin. 

Spannatln  is  a  oamG  irbich  has  bcea  j^iren  ic  a  coustUucDt  timiliir  lo  alkali  altramlo- 
fito,  but  it  liiiN  riol  lit^eii  cUit*Iy  Ht^nlii-tJ. 

Proitttio  coDernneiiU  wxv  of  two  kiDilii.  Odc  la  vurj  small,  getieraltjr  oval  in  sLaie. 
Willi  uiticeulric  Inyvri  In  yuutii;  but  not  JD  older  [wtboub  tlitry  nn-  colnicd  IiIug  \fj 
iodioc  tlvKiwKN  •).  Thu  oilier  kiiid  Is  In rger— sometimes  the  size  nf  the  bead  of  a  pin. 
Aiid  couNlstiug  cbleQy  of  calcium  plioapbaic  (about  700  p.  m.),  wlUi  ouljr  a  very  amall 
smouut  (about  lOU  p.  lu.)  orgniiic;  subslauue. 

(b)  Female  Oenerative  Organs. 

The  stroma  of  the  ovaries  are  of  little  interest  from  a  pbysiologico- 
chemical  standpoint,  and  the  moat  important  constitnent  of  the  ovaries,  the 
OrottQan  folUcIei  with  the  omttn,  have  tlms  far  not  been  the  subject  of  a 
careful  chemical  investigation.     The  fluid  in  the  follioles  (of  the  cow)  doM 


>  Sua  MIescfaer.  "  Die  bUlocbemlaclieD  uad  pbj^logiscbcu  Ajbelleo  von  Frledrich 
Uiaitcber,  geummell  uii<)  liernuBfTPgelten  von  selaeD  FreuiideD."     Letpxt^.  1897. 

•  Zeilachi.  f.  phyiilo].  Cbem.,  I3d.  23. 

•  L.  c. 
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not  contain,  as  has  been  stated,  tho  pccalier  bodies,  panUbumm  or  tnetalbu- 
miii,  which  arofonnd  in  certain  pntliologicalovarial  fluids,  bnt  eocnis  to  Iw  a 
serouB  llqaid.  The  corpora  lufea  are  colored  yellow  by  an  amorplioua  pigs 
tneut  caJled  lutein.  Besides  tbis,  another  coloring  matter  eotnetinies  occur- 
vhiofa  is  not  M>ltible  in  alkali;  it  is  orjstAlliDe,  but  not  identical  with 
bilirubin  or  hft>niato)din;  but  it  may  be  Identilicd  ns  a  lutein  by  its  epectro- 
ecopic  beliaTJor  (Piccolo  and  Lieiiks,  KCiim:  mid  EwALif'). 

Th«  cysts  often  occarring  in  the  ornries  are  of  apccini  patliologiml 
interest,  and  these  may  hare  essentially  different  contents,  depending  U]>ou 
their  variety  and  origin. 

The  terous  cysta  (Utdboi's  FOLLiciiijORtii  Obaafii),  which  are  formed 
by  a  dilation  of  the  Graafian  follicles,  contain  a  eerons  liquid  which  has  a 
specific  gravity  of  1.005-1  .Oa'-J.  A  specific  gravity  of  1.0"20  is  lees  freqnent. 
Uenerolly  the  specific  gravity  is  tower,  1. 005-1. 014,  wit]i  10—40  p.  m.  solids. 
As  far  as  is  known,  the  contents  of  these  cysts  do  not  eseentially  differ  from 
other  serous  liqnids. 

The  proliferous  cysts  (uYXom  cysts,  oolloid  otsts),  which  are 
developed  from  I*fi.Ccer's  epithelium-tobes,  may  have  a  oontents  of  a  very 
variable  composition. 

We  sometimes  find  in  bniall  cysts  a  semi-solid,  transparent,  or  somewhat 
cloudy  or  opalescent  mass  which  appears  like  Bolidilieil  glue  or  quivering 
jelly,  and  whlrli  has  been  called  colUiid  becanee  of  its  physical  properties. 
In  other  oast:,  (he  cysts  contain  a  thick,  tough  nisFs  which  can  be  drawn  ont 
into  long  threada,  and  as  this  mass  in  the  different  cysts  is  more  or  less 
diluted  with  bcrotis  liquids  their  (toutents  may  have  a  variable  coneictenry. 
In  still  other  cases  the  small  cysls  may  also  contain  a  thin,  watery  finid. 
The  color  of  the  contents  is  also  mriiible.  Sometimes  they  are  bluish  white, 
opalescent,  and  again  they  are  yellow,  yellowitih  brown,  or  yellowish  with  a 
sbade  of  green.  They  are  often  colored  more  or  less  chocoIat«-brown  or 
reU-brown,  due  to  the  decomposed  blood-coloring  matters.  The  reaction  is 
alkaline  or  nearly  uetitral.  The  specific  gravity,  which  may  vary  consider- 
ably, is  generally  1.015-1. 030,  but  may  occasionally  bo  1.005-1.010  or 
1.050-1.065,  The  aniount  of  solids  is  very  variable.  In  rare  cases  they 
amount  to  only  UJ-20  p.  m.\  ordinarily  tliey  vary  between  50-7Ct-]0(i  p.  m. 
In  a  few  instances  150-200  p.  m.  solids  have  been  found. 

As  form-elements  wo  find  red  and  white  blood-corpuscUa^  granular  celU^ 
jmrtly  fat- degenerated  epithelium  and  ]tartly  large  so-called  Oi.vnp.^R  cor- 
pnscles,  Jine  granular  mafsex^  epitheh'um-celh,  cholesltrin  crystals^  ami 
colloid  corpuscles — large,  circular,  highly  refractive  formations. 

Though  the  contents  of  the  proliferotia  cyst  may  have  a  variable  oompo- 
•Ition,  situ  it  may  be  characteriznd  in  typical  oaaee  by  its  slimy  or  ropy 


Sec  Cbaptcr  VI.  psge  153. 
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coiifiisLency;  by  its  grajfieh-yellow,  chocolate-brown,  somotiroeB  whitisb-grey 
color;  and  by  its  relatively  blgh  specifin  gravity,  1. 015-1. 0"^."!.  Sucb  a 
liquid  does  uot  oTdinarily  ehow  a  gpontatieoaii  jibriii-eoagiilation. 

W'b  coMider  colloid,  mtialbumin.,  aud  pamUmmin  &b  characteristic  coo- 
BtiLiientB  of  these  cysts. 

CoUoid.  Thifl  natno  doc8  not  dttgigimto  any  particnlar  chemical  siitn 
stance,  but  la  given  to  the  contents  of  tumors  with  certain  pbrBical  proiKr- 
ties  Hiniitar  to  gelatin  jelly.  Colloid  is  found  as  a  morbid  product  in 
several  organs. 

Coiloid  is  a  gelatinous  mass,  insoluble  in  water  and  acetic  acid;  it  it 
disHoUeil  by  ulkulies  and  give^  a  lti[iiid  wbicli  is  not  preRipilated  by  acetic 
acid  or  by  acetic  acid  and  jiotasaiuni  ferrw.yaiiide.  According  to  Pi'asskk- 
8IIEL*  such  a  colloid  is  designated  y^-psoudomnciu.  Sometimra  a  colloid  ii 
found  which,  when  treated  with  a  very  dilute  alkali,  gives  a  solution  similar 
to  a  mucin  Eolittioii.  On  boitiug  with  acids  colloid  gives  a  reducing  sub* 
stance.  It  is  related  to  mncin,  and  it  is  considered  by  certain  iurestigaton 
as  a  traniifornied  mucin.  A  cnlloid  fouud  by  Wuktz  *  in  tlie  lungs  contaiDi 
C  4!^.0!),  II  7.-i:,  \  7.0Q,  and  O  37.44i.  Colloida  of  different  origin  seem 
to  be  of  varying  composition. 

ifeUdbuvtin.  This  name  ScuEUHii'gave  tea  protein  snbstaoce  found 
by  hiin  iu  an  ovarial  fluid,  Tha  metalbnmin  waa  considered  bv  S'Iifiikh 
to  be  an  albuminous  body,  but  it  belougK  to  the  mucin  group,  and  it  is  for 
this  reason  csMcd  pseuihmucin  by  IIammaiwten.' 

FBeudomucin.  Thii)  body,  wliicli,  lilie  luiiuins,  gives  a  reducing  sabstance 
when  boiled  with  acidt;,  is  a  mucoid  of  the  following  composition:  C  49.75, 
n  G.08,  N  ia.*^8,  S  1.'25,  O  31. 74'*  (IIaiim.\usten).  With  water  psoido- 
muciu  gives  a  sliniy,  ropy  Bolntion,  and  it  is  this  substance  which  gives  the 
fluid  contents  of  the  ovarial  cyata  their  typical  ropy  projicrty.  Us  solnlioui 
do  not  ooftgnlate  on  boiling,  but  only  become  milky-opaleacent.  Unlike 
mucin  solutiouB,  pseudomucin  solutions  are  not  jvrecipitated  by  acetic  acid. 
With  alcohol  they  give  a  coarse  flocculent  or  tliready  precipitate  which  ii 
soluble  even  after  having  been  kept  under  waUr  or  alcoltol  for  a  long  lime. 

J'aralbti'iiin  is  another  stibstnnce  discovered  by  Scukheh,'  and  which 
occurs  in  ovarial  liquids  and  also  in  ascites  fluids  with  the  simultaneous 
presence  of  ovarial  cysts  and  nipture  of  the  same.  It  is  therefore  only  a 
mixture  of  psendomucin  with  variable  amounts  of  proteid,  and  the  reactloDi 
of  paralbomin  are  correspondingly  variable. 


'  Arcli.  f.  Gjiifllt.,  Bd.  88. 

*  See  Lcbcrl,  Itcftr.  rur  Kenntnfw  deft  G(illertkr.lMM-«.  Vtirliow's  Arcli.,  Bd.  4. 
'  Vcrli.  i1.  plifslk.-tntid.  Oesellscli.  Id  WUnsbiirg.  Ikl.  2,  iiml  Sdzunjpber.  lU-r  physik. 

ined.  Gest-IIscli.  [ti  WQrxbHrji  fnr  I9G4-I865  ;  Wursburg  mcd.  ZcIwcUr,  Bd.  t 

*  Zclisclir.  f.  physio!.  Clietn.,  Bd.  fi. 
•L.  c.  Verb..olc..  Bd.  3. 
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MiTjnKoFF '  liu  lAolaleil  and  inveBtigntcd  r  colloid  from  nn  nT&rial  cjrnt.  U  lind  ibe 
fullowliig  conipofltifon:  C  51.76.  II7;k.  N.  10.7.  SI  TpO,  aiwI  038  69:t.  ami  differed 
fn.>iii  mucin  itiiU  |i9«iiiloiiiuciu  by  ixduciu>;  KCHLiNa'a  soluljoo  before  boilioc  wiili  add. 
Il  tniial  bv  retimrki-d  lliui  (leeuiloiiniL-lii.  on  Ixilliiig  >tiftifictiily  long  wU}i»IkRli.  or  bjr 
the  uie  of  a  coiiceutmted  solulinn  uf  caiulic  iilkidi.  tilxj  spills  aoil  causes  a  teductiotu 
This  mluctlun  is  tivvi-rtbelt-ss  weak  ba  coinimifd  witli  iliat  |)roduccd  alter  boiling  wjUi 
an  acid,     Tlif  bo-lj-  i«olAteil  by  MlT-it"Ko»F  i«  culled  ivinrBiKcin. 

The  iIet«ctioii  of  metalhcmin  and  paralbumin  is  ratnrallr  connected 
with  the  detection  of  pBCudomucin.  A  typical  ovariiil  Huid  couUiiiing 
pseiidomiiciri  i.s,  wi  a  rule,  Bufliciontly  characterized  by  its  physical  proper- 
ties, and  a  special  chemical  itirestigation  h  only  neccssurv  in  cases  where  a 
serous  fluid  contiiins  very  Rniull  iiitioiiiils  of  psendoEiiiii'^in,  We  proceed  in 
the  following  way:  The  proteid  is  removed  by  heating  to  hoiliiig  with  the 
addition  of  acetic  acid ;  tho  filtrate  is  strongly  concentrated  and  precipitated 
hy  alcohol.  1'he  precipitate  is  carefnlly  washed  with  alcohol,  and  then 
dissolved,  in  water.  A  part  of  this  solution  is  digested  witii  snliva  at  the 
temperature  of  the  body  and  then  tested  for  gliico.^e  (derived  from  glycogen 
or  dextrin).  If  glycogen  is  present,  it  will  he  converted  into  gliifose  hy  the 
saliva;  precipitate  again  with  alcohol  and  then  proceed  m  in  the  absence  of 
glycogen.  In  this  last-mentioned  case,  first  add  acetic  acid  to  the  solution 
of  the  alcohol  preciivitate  in  wuler  so  as  to  precipitate  any  existing  mucin. 
The  precipitate  prodnced  is  tiltered,  the  filtrate  treated  with  'H  HUl,  and 
warmed  on  the  water-bath  nntil  the  litgnid  is  deep  brown  in  color,  in  the 
presence  of  paendomncin  this  solution  gives  Tiiouuer'6  test. 

The  other  protein  bodies  which  have  been  fonnd  in  cystic  finids  are 
urglobulm  and  ^fralbvtntn,  peptone  ('f),  tmichiy  vincin-peplone  (?).  Fibrin. 
oocnrs  only  in  exceptional  cases.  Tho  r^uantity  of  mineral  bodies  on  an 
average  amounts  to  about  10  p.  m.  The  amount  of  extractive  bodies 
{cholesttrin  and  urea)  and/nf  is  ordinarily  2-4  p.  m.  The  remaining  solids^ 
which  constitute  the  chief  mass,  aie  ulhumiitons  bodies  and  psetulomncin. 

The  intraligamentary,  papillary  cysts  contain  a  yellow,  yellowish -green, 
or  brownish-green  li<)uid  which  contains  cither  no  psoudoinucin  or  yery 
little.  The  specific  gravity  is  generally  rather  high,  1.03*.i-l.O3(i,  with 
90-100  p.  m.  solids.  The  principal  constttnents  are  the  albnminouB  bodies 
of  blood-sertini. 

The  rare  tnbo-ovarial  cysts  contain  as  a  rale  a  watery,  sernns  flnid  con- 
taining no  psendonuicin. 

The  parovarial  cysts  or  the  ctsts  of  the  lic^ambxta  l\tx  may  attain  a 
considerable  size.  In  general,  and  when  qnite  typical,  the  contents  are 
watery,  mostly  very  pale  yellow-colored,  water-clear  or  only  slightly  opalescent 
liquids.  The  specific  gravity  is  low,  l.<MV^-l.o<t9;  and  the  solids  only 
amount  to  10-20  p.  m.  Pseudomncin  does  not  occnr  as  a  typical  constit- 
neiiL;  proteid  is  sometimes  absent,  and  when  it  does  occnr  the  qaantity  is 
very  small.  The  principal  pnrt  of  tlie  solids  consists  of  salts  and  extractive 
bodies.  In  exceptional  cases  the  Huid  may  be  rich  In  proteid  and  may  show 
a  higher  specific  gravity. 

<  K.  Mlljiikoff.  An-Ti.  t  OyDllko}..  Bd.  49. 
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In  regard  to  tlie  quantitotive  com[iositiou  of  the  Rmd  from  ovarial  cjsta 

we  refer  the  reader  to  the  work  of  Of.kl'm.' 

K,  LrDvio  mill  [{  V.  i^KVKEK^  Imvc  rvceutlv  ttiTesllustcii  Ibe  fat  from  tiernioid  kjM. 
Besitlrii  II  little  iiniclilcHc  ncl<l.  tlii-y  fdnnii  nle'c,  tUvrlc,  pnlmlilc,  nod  myritllc  icidi 

ceiyUlcoliol.  iiud  u  cUolesli^rlu-Ukt!  substAUco. 

The  Orum. 

TUo  small  ova  of  man  and  niamnials  cannot,  (or  evident  naKniB,  be  the 
subject  of  a  searching  chemical  investigation.  Up  to  the  presont  time  the 
eggi  of  birds,  ainphibiatis,  and  tishes  have  been  inrestigated,  but  aboTe  all 
the  hen's  e^g.  We  will  here  occtip;  ourBelrcd  vrLth  the  coustitaeats  of  tbii 
Imtt. 

The  Tollc  of  the  Hen's  Egg.  In  the  so-called  white  yolk,  which  forms 
the  fferm  with  u  process  reaching  to  the  ceutre  of  the  yolk  {laUhrn)^  and  also 
foriitti  jt  layer  l)i>tweijii  the  yolk  and  yolk-nieuibraiie,  we  find  j'roln'tlf  nutlrin, 
Itcilhiii,  and  poliissiu/n  (LiErtERMAKN' ').  The  occnrrence  of  glycogen  U 
doubtful.  The  yolk-niembnuio  coiiaista  of  au  albanioid  similar  in  certain 
respects  to  keratin  (LiK.nBiniAXX). 

The  principal  part  of  the  yolk — the  nntritiTe  yolk  or  yellow— is  s 
Tiacoua,  non- transparent,  pale-yellow  or  orange-yellow  alkaline  eunUioD 
of  a  mild  Uiste.  The  yolk  containa  vifeliin,  UcUlihi,  chohsterin,fat,  color- 
ing mtitiern,  iraoea  of  ne.iiridin  (Brikdeh  '),  ffhtrose  in  very  small  qaantities, 
and  iftimml  bodies.  The  occarrence  of  cerebrin  and  of  grauales  similar  to 
fllarch  (Uakkstk')  has  not  been  positively  proved. 

OroviteUin.  Thia  body  is  genemlly  consideroil  aa  a  globulin,  bat  it 
resemblea  a  nncleoalbnmin  more.  The  question  as  to  ivbat  relationship 
other  protein  atibstances  which,  like  the  alettron-grains  of  certain  seeds  and 
the  yo/£-  sphernhf  of  the  ^gfl  of  cert^n  fishes  and  amphibians,  are  related 
to  ovontetlin,  hear  to  this  substance,  is  a  qnestion  vhich  requires  further 
investigation. 

The  ovovitellin  which  has  been  prepared  from  the  yolk  of  eggi  U  not  a 
pare  albuminous  body,  bnt  always  contains  lecithin.  Hoppb-Sevlrr  found 
25^  lecithin  in  vitellin  and  also  some  pseudouuclein.  The  lecithin  may  b« 
removed  by  boiling  alcohol,  but  the  vit«lliu  is  changed  thereby,  and  it  is 
therefore  probable  that  the  lecithin  is  chemically  united  MJth  the  viteUia 
(IIoppe-Seyleu*).     Bunob'  prepared  a  pseadouuciein  by  digesting  the 


'  EemJAkc   SLiidicr  over   Ovariccystevwdskur,  etc. 
Malj'8  Jtt]irii»t)er..  Bd.  U.  3.  45«. 

»  Zeilscbr.  f.  pliyrfol.  Chem.,  Bd.  28. 
■PUOscr'a  Arch.,  Bd.  48. 

*  Uobcr  Ptomaine.     Berlin,  1893. 

•  Compl,  rend.,  Tomo  72. 
*Ued.  chem.  Uotenuch.,  S.  SIC. 
•'Zeilsclir.  r.  pbyatol.  Chem..  Bd.  9. 
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yolk  with  ga&tric  jntce,  and  this  pseadonncleio,  according  to  him,  is  of  great 
importance  in  t)i«j  fornmtion  of  the  hlooil,  and  ou  these  gronnds  be  called  it 
h(Bmalogen.  This  haiinatogeti — w]io«e  compoaition  is  as  follows:  C  43.11, 
U  C.08,  N  1-1.73,  S  0.55,  P  5.19,  Fe  0.89,  and  0  31.05:1— «6enu  to  be  a 
decomposition  prodact  of  Titeltin. 

Vilellin  is  Bimilar  to  the  globniins  in  that  it  is  insoluble  in  water,  bat 
oD  the  contrary  soluble  in  dilate  nentral-salt  solntiona  (although  the  solntion 
is  not  qnite  trunsparent).  It  h  also  tM)luh1e  in  hfdrochlorio  acid  of  1  p.  m. 
and  in  very  dilnle  BoluLionn  of  alkalieH  or  Kikali  carbonates.  It  is  precipi- 
tated from  itfl  salt  solntion  by  diluting  with  water,  and  when  iillowod  to 
stand  some  time  in  contact  witli  water  the  viiclIin  is  gradnallv  cliauged, 
forming  a  substance  more  like  the  albuminates.  The  coagulation  tempera- 
tare  for  the  solntion  containing  salt  (XaCl)  lies  between  -|-  70"  and  75"  C. 
or,  when  heated  ver)-  rapidly,  at  about  -f  80"  V.  Vitolltn  differs  from  the 
globniins  in  yielding  pi?eiidoniiclein  by  pepsin  digestion.  It  is  not  always 
completely  precipitated  by  NaCl  in  eiibstance. 

The  chief  points  in  the  prepanttion  of  ovovitellin  are  aa  follows:  The 
yolk  is  tborougiily  agitated  willi  ether;  the  residue  Is  dissolved  in  a  \(i% 
conmion-fialt  solution,  filtered,  and  the  riteltin  preciiiitatcd  by  adding  an 
abnnilance  of  water.  The  vilellin  is  now  puritled  by  repeatedly  redlssolving 
in  dilnte  voniiuon-sult  sohiLions  attd  precipitating  with  water. 

IfihttinllD,  which  Ofciir*  jn  tlie  eggs  of  tUv  cnrp  aad  other  tt\m.  In.  noenrdiui;  to 
EosHKL  ami  WaltsUi'au  atiiorpbuufi  inudllicfitiuii  of  llie  (ri>stnlliu>L'  body  irlitliidtn, 
wbicb  occun  Id  the  e^fES  uf  tin-  ciirp.  Icblli'ilJu  h  precipilntid  on  diliiliii^'  with  wkUt. 
It  UHE<i  to  be  CDDElilered  iis  n  vilellin.  Airt-tmtiii)*  in  Waltku  ll  yields  ti  iisciMloiiiirlein 
ou  pvpifc  <ll|iesi{on;  nml  thU  pspiiilninirlt^ln  civea  n  re<)iiciiig  cnrbobvdnitc  OD  lioUIng 
Willi  Dulptiiitic  ucid.  Icliihiillu  hia  ibc  r<iTlowiug  cumpositlou :  0  d3.'i2 ;  117.011; 
N15.a.t;  O  23.19;  H0.41  ;  I*  HAA.     ll  alnn  ronlatns  Imn. 

The  yolk  also  contains,  besides  TJteltiti,  alkali-albxtminate  and  albumin. 

The/«y  of  the  yolk  of  the  egg  is,  according  to  Likuf.rmasn,  a  niixtnre 
of  a  solid  and  a  liquid  fat.  The  solid  fat  conststa  cbietly  of  tripalniititi  witb 
some  utMrin.  On  the  saponification  of  the  egg-oil  LiEttKicMANN  obtained 
¥i%  oleic  acid,  38.04*  palmitic  acid,  and  I5.*il,<  stearic  acid.  Tlio  Fat  of 
the  yolk  of  the  egg  contains  less  carbon  than  other  fata,  which  may  depend 
on  the  presence  of  monoglycerides  and  diglyoerides,  or  on  a  qaantity  of 
latty  acid  delicient  in  carbon  (Liedkhmann). 

Latein.  Yellow  or  orange-red  aniorphouy  coloring  itinttera  occur  in  tlie 
yellow  of  the  egg  and  in  several  other  places  in  the  animal  organism;  for 
instance,  in  the  blood-serum  and  serous  fluids,  fntty  ttsues,  milk-fat,  corpora 
Ittiea,  and  in  the  lat-globnles  of  the  retina.  These  coloring  matters,  which 
alsooccnr  in  the  vegetable  kingdom  (THrnicnuu*),  have  been  called  lutHtiM 
or  lipocJiromes. 


*Z«ltKhr.  f.  physio).  Chcm..  Bd,  15. 
'Ceotralbl.  r.  d.  med.  Wiawnacb.,  1869,  No.  1. 
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The  lutoiofi,  which  among  theniselvea  ehow  somewhat  different  profier. 

tieB,  ftre  nil  soluble  in  iilcohol,  ether,  and  chloroform.     They  didter  from  tha 

bile-pigment,  bilirnbin,  in  that  they  are  not  separated  from  their  aolnuon 

in  chloroform  by  water  containing  alkali,  and  also  in  that  they  do  not  giw 

the  characteristic  play  of  colors  with  nitric  acid  containing  a  little  nilrou 

acid,  but  gire  a  transient  blue  color,  and  lastly  they  give  an  ubsorptioD- 

spectnini  of  ordinarily  two  handt^,  of  which  one  covers  the  Una  /*  and  diA 

other  lies  between  the  line?  /'and  G.     The  Intcines  withstand  tlie  action 

of  alkalies  so  that  they  are  not  changed  when  we  remoTe  the  fats  present  bf 

means  of  eapooification. 

Lutein  lilts  not  been  prrtw"^*'  pure.     Mat-V  has  founi  iwo  pigmeots  frc<  frora  inia 
in  llie  esgs  oF  n  wittei'-apider  (ttuipA  llqfli^^iuto)—^>llli  a  toA  irHeUttrubin)  ami  ibe  other  ■ 
ytlkiw  litjiiiicm  \i>iuUoiuUiii)      Bulb  uf  tlictu  pigmviiii  uru  culorcd  blue  by  alirlc  tcid 
"id  beamifulh  '  "     ~ 


l)r  Kieeo  by  coiu:i>iilrat«]  sulpliuric  Rrid.    Tie 
nlifiorpt  Ion -bauds,  eapecinlly  of  llie  TJUJlloluttda.  corrcspuad  very  ucarly  wiUi  Ibote  at 


cuiitaiaJa^  uitrous  acid,  anc 
nlifiorptlon  '       " 
oroluieio. 

The  mineral  bodies  of  the  yolk  of  the  egg  oonsiBt,  according  to  Poleck,' 
of  51.2-05.7  parts  soda,  89.3-80,5  potash,  l-iy.1-132.8  lime,  30,7-21.1 
magnesia,  14.5-11.90  iron  oxide,  (338.1-(Jfi7.U  phosphoric  acid,  and  5..VU.0 
parts  silicic  acid  in  2000  parts  of  the  ash.  We  find  phos]i)ioric  acid  and 
lime  the  most  abundant,  and  then  potash,  which  is  somewhat  greater  is 
quantity  than  the  soda.  These  results  are  not,  however,  quite  correct,  first, 
bccanse  no  dissolved  phosphate  occnrs  iu  the  yolk  (Lieukkuakk),  anil 
socondly,  in  burning,  phosphoric  and  sulphuric  acids  are  produced  and  tbess 
drive  away  the  chlorine,  which  is  not  accounted  for  in  tho  pncedtog 
analyses. 

The  yolk  of  the  hen's  egg  weighs  about  12-18  grms.  The  quaoiity  «f 
water  and  solids  amonnts,  according  to  Pahki^s,'  to  471.0  p.  m.  and  d28.1 
p.  m.  respectively.  Among  tlie  solids  he  found  ]5f>.3  p.  m.  protetd,  3.53 
p.  m.  soluble  and  G.12  p.  in,  insoluble  a&lte.  The  quantity  of  fat,  according 
to  I'ARKt'is,  is  'i'iBA  p.  m.,  the  lecithin,  calculateil  from  the  amount  of 
phosphorus  in  the  organic  substance  in  tho  alcohol-cthor  extract,  was  107.? 
p.  m.,  and  the  cholestarin  17.5  p.  m. 

The  white  of  the  egg  is  a  faint -yellowish  albnminons  fluid  enclosed  in  a 
framework  of  thin  membranes;  and  this  fluid  is  in  itself  very  liquid,  bat 
seems  viscons  becanse  of  the  presence  of  these  fine  membranca.  That  inb- 
stance  which  forms  the  membranes,  and  of  which  the  chalaza  consista,  seenu 
to  be  a  body  nearly  related  to  horn  substances  (IjIEDERManx). 

The  white  of  the  egg  baa  a  speciSc  gravity  of  1.04A  and  always  has  aa 
alkaline  reaction.  It  contains  S0O-8&O  p.  ni.  water,  100-1.10  p.  ra.  proteid 
bodies,  and  7  p-  ni.  salts.     .Vmoni,^  the  extractive  bodies  Li:fiUA.vx  found  ft 

•  HonHUhcrtc  r.  Clieiu  ,  Bd.  ^. 

•  Clled  from  (3oriip-Il<*«*nex,  Lcbrhiielj  A.  pby^iu].  Clit'ra..  4.  Aofl..  S.  740. 
■  Hoppe-Seyler,  Hed.  cbem.  CDlcniic^  ,  \Uf\%  S.  S0». 
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fermentable  variety  of  ntgar  which  amoanted  to  6  p.  m.  or,  aocording  to 
Meissxbr,  80  p.  m.  of  the  solidB. '  BesidcB  tfaeflc,  we  God  in  the  wliite  of 
the  ^g  traces  of  fats,  soaps,  lecithin,  and  cholesterin. 

Ttie  wlitte  of  llio  cl'K  diiriiit;  incubiLtiuii  bccoitit^  Iniusgrnrt'tit  ua  boiling  nndtctllD 
Hiuiyrwip<-cis  like  alkalcnlbuiiiinnU'.    Tbin  albumin  TARC'iJA:(urr'  called  "  taUilbumin," 

The  albaminouB  bodies  of  the  white  of  tbe  egg  belong;  partly  to  the 
globulin  and  partly  to  the  allinuiiii  group.  Besides  these,  the  white  of  the 
«gg  cuntaiua  a  mucoid  sahstauce.  Kii;niioi.z*  has  desunliei]  a  siil^stance 
beloDging  to  the  mDcin  grcap,  calloii  owmuritiy  which  occurs  in  the  white 
of  the  egg  and  which  is  precipitated  from  tbe  same  on  dilating  with  4  vols, 
water.  It  may  be  purified  by  dissolring  iu  soda  solatlon  and  precipitating 
witli  acetic  acid. 

The  QvoglobuUn  is,  according  to  UiLLNEB,'  closely  related  toserglobnlin. 
On  diluting  the  white  of  tlie  egg  with  witter  it  partly  separates-  It  is  also 
precipitated  by  magnesium  Kolphate.  The  ([nantily  of  globulins  in  the 
white  of  the  egg  is  on  an  average  C.GT  p.  ni.,  or  about  07  p.  m.  of  the  total 
proteidg.  According  to  Cohis  and  Bkhakij,*  we  have  two  globulins  in  tli« 
white  of  the  egg,  one  coagulating  at  -f-  57.5°  C,  and  the  other  at  -f  U7°  C. 

Ovalbamin,  or  the  albamin  of  the  white  of  the  egg.  Oralbumin  was 
first  obtained  in  a  crystalline  form  by  IIukmhistkr,  by  allowing  its  tolntion 
to  a  half-satnrated  amnion ium-xiilphate  solution  to  evaporate  Tery  slowly. 
This  crystalline  oralbumin  is  later  further  studied  by<tAitRi&i^  Bokdzyxski 
and  ZoJA,  and  the  two  last-mentioned  inTestigutors  were  able,  by  fractional 
crystallization,  to  show  that  o\albumiii  was  probatily  a  mixtore  of  several 
albnmina  of  abont  the  same  elementary  composition  but  with  somewhat 
different  coagulation-temperature,  solnbility,  and  specific  rotation.  In  the 
main  these  reanlts  are  in  ocoord  with  the  views  of  many  otlter  investigators, 
such  as  Gautier,  IIrchahp,  Corin  and  BKitARn,*  on  the  ocoarrance  of 
seTeral  albumins,  but  in  details  they  do  not  agree  very  well.  According  to 
Gaitikk  and  ItEriiAur  ovalbamin  is  a  mixtnre  of  two  albumins  with  the 
coagulation-tcmperatara  of  CO-GS"  and  71-74''  0.  respactively,  wbilo 
according  to  (.'ukin'  »ud  Hkrard  it  is  a  mixture  of  three  albaniina  with  the 
cougulation-tcnipeniture  of  '.i7»  73,  and  S'i*^  C,  respectively.  According  to 
BoNDZTXSKi  and  Z0.IA  the  jvortion  which  dissolves  with  difficalty  coagulates 
at  64. 5°,  while  the  readily  soluble  portion  coagulates  at  bi.b~5^°  C.     The 

■  Cited  fn)in  f}iiru[»-I)efiiim-2.  Lelirbiirli,  4   Autl  ,  S.  780. 

•  PflOgcr**  Arcrli  .  BJil.  31.  3:1,  an.]  30. 
•Joiirn.  :.rPli.v!.i.>I.,  Vol.  23, 

•  L'pftala  Ukiirt-fa.  FOiIj..  Bil.  '!!) ;  nUu  Muly'a  .TnliFMbor.,  fid.  IS,  S.  81. 

•  Triivatix  du  )aboraiolro  do  rUoiversIit-  de  Lljg«,  Tome  8 ;  alio  M»ly*s  Jnliretber., 
B.I.  18,8,  18. 

•  tlofmeioter.  Zeitftchr.  f.  pby*Iol.  Clicm..  Bdd.  14.  16,  and  34;  OnbrUI,  fftiW.,  Bd. 
15 ;  Hnnilejriivki  iviid  Z«jn,  ibid..  II1I.  19  :  Oaulicr,  Bull.  soc.  cblm..  Tome  14  ;  Dvcliamp, 
ibid..  Tome  31;  Coriit  iiud  Beniul.  I  c. 
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elementary  composition  of  OTalbnmin  Iim  not  been  poaitirely  established. 
BONUZVNSKI  and  Zoja  foond  C  52.07-52.44, 11  6.95-7.36,  N  15.11-16.58, 

and  S  l.Gl-1.70^  for  fonr  different  fractions,  which  agree  well  with  tbs 
MHuHs  of  llAUiURSTE^-,  namely,  C  52.25,  IT  0.90,  N  15.20,  S  1.6T-1.9:i<. 
IIovMBlSTER,  on  the  contrary,  has  never  obsenred  the  occarrence  of  serenl 
crystalline  albtiniins  with  different  sotnhilities,  and  he  ia  of  the  Tiew  that  the 
crystalline  ovalbomin  prepared  by  Dokdztkeki  and  Zo.ta  was  not  quite 
pure.  Corresponding  to  this  he  has  foand  a  lower  amount  of  sulphnr, 
average  1.18^,  for  crystalline  oviUbtimin.  The  crystalLiao  OTalbamiii 
analyzed  by  Uokmeistkr,'  which  had  the  conniosition  C  53.38,  EI  7.2$, 
N  15.0,  S  1.18,  and  0  23.38,  seems,  howerer,  to  be  a  glycoproteid,  becaoH 
it  readily  splits  off  a  carbohydrate  group  by  acids.  According  to  Ucf- 
meister'b  calculation  the  quantity  of  carbohydrate  is  1.'^^.  Panormhw' 
has  prepared  a  crystalline  oralbnmin  which  showed  a  specific  rotatory  power 
of  ti[\))  =  2.^.6°  after  five  recrystaltizations.  Other  inTeetigators  haw 
arrived  al  different  figiire«.  Hosuzyxski  and  Z0.IA  fonnd  25.8-2fl.3^ 
211.10*',  .34.18°,  and  42.54''  for  varions  fractions.  Oralbnmin  has  its 
properties  of  the  albumins  in  general,  but  differs  from  Beralbnmin  in  tks 
following:  Its  epccifiQ  rotation  \&  lower.  It  is  qiiickly  rendered  insolnble 
by  ftlcohol.  It  is  precipitated  by  a  suflieient  qnautity  of  hydrochloric  acid, 
but  dissolves  with  greater  dillicnlty  than  eerolbumin  in  an  excess  of  tbe 
acid.  Ovalbumin  in  solntion,  when  introduced  into  the  blooi-circaUtioD, 
poses  into  the  nrine,  which  is  not  the  case  with  seralbamio. 

Ovalbituiiii,  or,  more  correctly,  the  mixture  of  alhnminB.  may  be 
obtained,  according  to  Starke,'  by  precipitating  the  globulins  by  MgSO, 
at  20°  C.  and  saturating  tlie  filtrate  with  X»,80,  at  the  same  temperature. 
The  oralbumin  which  separates  is  tittered,  pressed,  dissolved  in  water,  and 
freed  from  salts  by  dialysis.  Tlie  dialyzed  solution  is  then  evaporated  in  a 
vacunm  or  at  40-50''  C.  If  precipitated  with  alcohol,  albamin  beoomM 
quickly  insolnble. 

To  prepare  crystallixed  ovalbnniin  mix  the  white  of  egg,  previously 
beaten  and  separated  from  the  foam,  with  an  eqaal  volume  of  a  saturated 
solution  of  ammoiiium  sulphiite,  filter  off  the  globulin,  and  allow  the  fillratii 
to  evaporate  slowly  in  not  too  tbin  layers  at  the  temperature  of  the  room. 
The  muss,  which  8ei>aratea  after  a  time,  is  dii^oLved  in  water,  treated  with 
ammotiiiim  sulphate  solntion  until  a  clonilinoss  i^mmeuces,  and  then 
allowed  to  stand.  .Vfter  repeated  recrystal  11  nations  the  mass  ia  treated  either 
with  alcoiiol,  which  nialtea  tho  cryst^a  insoluble,  or  they  are  diuolved  in 
water  and  purified  by  dialysis.  The  albnmin  does  not  crystallize  from  this 
solution  on  spontaneous  evaporation,  (See  also  [Mige  131,  Uopkixs  and 
PiNKUS*  method.) 

Oromuooid.    This  substauoe,  first  observed  by  Kkuhkister  and  cooeid- 


I  HofmeiMer,  Z«itaclir.  f.  phj^slol.  Cliein..  Bd.  2i,  S. 
■  See  Alaly's  Jntiresber,  Bd.  2«,  8.  15. 
■BwK«l7'8  Jalirvibcr.,  B<l.  U,  S.  IT. 
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ered  bjr  him  as  a  paen do-peptone  and  then  later  stndied  by  Salkowski,  is, 
according  to  C.  Th.  M&hser,'  a  mncoid  vitb  l'2.t1&;(  nitrogen  and  "i/lO^ 
salphur.  On  boiling  with  dilate  miDeral  ncids  it  yields  a  redaciug  sub- 
stanoe.  Ovomucoid  exists  to  a  great  extent  in  bens*  cggg,  the  solids  of 
whiob,  in  round  nambers,  contain  10^. 

A  solution  of  oTomucoiil  is  not  precipitated  bj  mineral  acids  nor  hy 
organic  acids,  with  the  exception  of  pboBphotongstic  acid  and  tuutiic  uciu. 
It  is  not  precipitated  by  motollic  ealte,  but  basic  lead  acetate  and  ammonia 
give  a  precipitate.  Ovomacid  i&  precipitated  by  alcohol,  hut  eodinm 
chloride,  sodium  sulphate,  and  magaesium  eulpbate  give  no  precipitates 
either  at  the  ordinary  iemperatnre  nor  when  added  to  saturation  at  'M"  C 
Ita  golations  are  not  precipitated  by  an  eqoal  volume  of  a  saturated  solution 
of  ammonium  sulpbute,  but  are  precipitated  on  adding  more  salt  thereto. 
The  substanco  tsnot  precijtituted  on  boiling,  but  the  part  which  has  become 
insoluble  in  cold  water  and  then  dried  is  precipitated  when  disKolved  in 
boiling  water.  Zxsetti^  has  prepared  a  glncosiimtn  on  splitting  ovomacoid 
with  concentrated  hydrochloric  acid.  S£i-:makx  has  also  recently  prepared 
a  glucosamin  from  ovomucoid  (and  as  it  seems  also  from  ovalbumin). 

OTomucoid  may  be  prepared  by  remoTing  all  the  proteids  by  boiling  witli 
the  addition  of  acetic  acid,  and  then  concentratiug  the  filtrate  and  precipi- 
tating witlt  alcohol.  The  substance  is  parilied  by  repeated  eolution  in  water 
and  precipittiiiug  with  alcoliol.  ,, 

The  mineral  bodies  of  the  white  of  the  egg  have  been  analyzed  by 
PoLECK  and  Wgber.'  They  found  in  1000  parts  of  the  asb:  276.6-284.5 
grms.  potash,  a35.e-3*>J9.3  soda,  17.4-29  lime,  10-31.7  magnesia,  4.4-5.5 
iron  oxide,  333.4-285.6  chlorine,  31.0-48.3  pho8[)haric  acid  (P,0,), 
13.2-2G.3  sulphuric  acid,  2.8-20.4  silicic  acid,  and  9(1.7-110  grms.  carbon 
dioxide.  Traces  of  iUiorine  have  also  been  found  (Xickl:^3*).  The  ash  of 
the  white  of  the  egg  contains,  as  compared  with  the  yolk,  a  greater  amonnt 
of  chlorine  and  alkalies,  and  a  smaller  amount  of  lime,  phosphoric  acid,  and 
iron. 

The  SheU-membrane  and  the  Egg-shell.  The  eh  el  I -membrane  consists, 
as  above  etntorl  (page  51),  of  a  keratin  substance.  The  slieU  oonlains  very 
little  organic  substance,  30-iJ5  p.  m.  The  chief  mass,  more  than  900 
p.  m.,  consists  of  calcium  carbonate;  besides  tbis  there  are  Tery  small 
smonnts  of  magnesium  carbonate  and  earthy  phosphates. 

1  B  NeumeistcT.  Z^ilwltr.  f,  Blologle,  lid.  37.  S.  1109  ;  Salkowski,  Cenmlbl.  f.  d. 
med.  WloMttacli..  1898.  S.  513  and  706  .  C.  MOriH-i.  Z«ilicljr-  f.  ))liv«|o1.  Cliirm..  Ttrl.  18. 

*  Sec  Cbein.  Ccotrelbl..  1898,  Bii.  1,  S.  ^U ;  Seeuiauo,  AnUiiT  f.  VerduuuiigakraDk- 
b«ftTnnBo(u.  18Q8.  B<]    4. 

«  Ciled  from  Iloppi-Siyler.  Physiol.  Chem.,  S.  TTB, 
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Tlie  (liverae  eolcring  of  birds'  cc^  Is  due  to  wvcnti  different  coloriog  muren. 
Among  iJiesewe  tiud  ii  whi  or  rc«IdUli-ljn>wt)  plgmenl  calk-d  "tKirod^iH"  hy  Sohbt,' 
M'tiirh  is  pi.TtiH|is  Mfulical  witli  liff-iiin[i>p<>i[ihyrln.  Tlie  ^n-«ri  rir  liltii;  coluriof  tnttur, 
SoHiiY'8  i»r.v(ii,  aeem<,  iircnrrjtng  to  LreusKMAKN.'  xud  Kkukexbkh*}  *  to  M  pattly 
biliverdin  and  parlly  u  blue  darinatitv  of  the  hiU-pigMrntf. 

Tlio  agga  of  birds  have  n.  spnce  iit  their  hltirit  ciul  filled  with  gM;  tlii< 
gas  contains  on  an  aTorago  l.'^.il-lO.St;*  oxygsri  (UrFKF.B*), 

Tli«  weight  of  a  hen's  egg  varies  betweon  40-60  grammes  anil  nuj 
sometimes  weigh  70  gnus.     Ttte  shell  aad  shell'membranc  together,  when 
carefully  cleaned,  but  still  in  the  nioiet  state,  weigh  5-8  grms.     The  yolk      _ 
ireigUs  1*^18  and  the  vhite  Ti-'i^  grnis.,  or  abont  double.  ^^| 

Tlie  while  or  Iliu  (■jrg  "f  cibrinasirioiis  sod  bony  lislieB  conlkina  nnly  Inters  nf  im 
Albumin,  nnd  llic  coT4>r  of  the  frog's  rgg  ninif-iu,  necording  to  Oiaco«a.*  of  muck 
TliecryBtallluo  furmatioos  iyoik-tphtrulet  or  liollrrplatlehmi  wCicU  IiavL-  tieen  nl»»erre<l  iq 
tlie  e^of  tlip  lortoifip,  frup,  rHjr.  ulitirk.  mid  dlIiit  li&]ip».  nixl  wliich  are  described  by 
VAt-ESClESKEBiKKi  FEtEMV '  iindcr  llio  naiDC*  ttni/din,  iththin.  icKfhitlin,  and  irltthiUih. 
Kteii).  as  abovtr  alatrd  in  ronncctiou  niili  idiihiiHu,  Ln  coiisisi  fln<-t1y  of  jilioagihoglTCi^ 
proleids.  The  egg  of  llic  river^crTkb  nriil  the  lolj»lcr  coiiik!ii  the  Mmc  iilfimenl  u  Ilit 
Kbdi  of  llio  Buiiuai.  litis  pigmeut,  calic-d  e^atioer^ttftUin.  bi>coDies  reti  on  boiliag  Is 
wAicr. 

lu  foMsil  eegs  (of  aI'TEXODYTIU,  PEUECANCia.  i»hI  halljecb)  in  old  ^iinno  dvitoMU.  t 
vi.'Ib>wlBb-wliTl«,  sllUy,  Inminnted  tombirmion  hh»  been  foHiid  wblrb  Nrnlkd  st'i-tnor'itil. 
(NH<)*SO.  -t-  2R16O4  -t-  3K.HS0.  +  4EI,0.  nud  irljicli  {9  i-wily  soluble  la  wat«:r.  but  ll 
ia»oliiblo  ill  nlccilio]  and  elijer. 

Those  eggs  which  tlevelop  ontaiJe  of  the  Tnother-organisni  most  contain 
all  the  elements  necessary  for  the  vaung  aniinulB.  One  finds,  therefore,  io 
the  yolk  and  white  of  the  egg  an  abtindant  r|ttantitj  of  albnrntnons  bodiet 
of  different  kinds,  and  especially  a  phosphorized  proteid  in  the  yoUi. 
Kurther,  we  also  find  lecithin  in  tlie  yolk,  wIiIdU  seems  liabttually  to  occur 
in  the  dereloping  cell.  The  occnrrence  of  glycogen  is  doabtful,  and  the 
carbohydrates  are  perhaps  represented  by  a  very  small  anionnt  of  sngar  aod 
glycoproteidi.  On  the  contrary,  the  egg  contains  a  large  proportion  of  fat, 
which  doubtless  is  an  important  Bource  of  nntritioo  and  respiration  for  the 
embryo.  The  cholestcrin  and  the  lutein  can  hardly  hare  a  direct  inflaenoe 
oa  the  development  of  the  embryo.  The  egg  also  seems  to  contain  the 
mineral  bodice  necessary  for  the  development  of  the  young  animal.  The 
lack  of  phosphoric  acid  is  compensated  by  an  abundant  amount  of  phos* 
phorized  orguutc  substance,  and  tlie  niicleoalhuniJu  containing  iron,  froin 
vhich  the  lia^matogen  (see  page  377)  is  formed,  is  doubtleee,  as  Bi'xoe 
claims,  of  great  importance  in. the  formation  of  the  haemoglobin  oonuUiuag 
iron.  Tlic  silicic  acid  necessary  for  the  development  of  the  feathers  iailao 
found  in  the  egg. 

>  Cited  fi'oni  Knikfsnbei^.  Vvrl>.  d.  |)by8.-cb«in.  GetelUcb.  ia  WUnburg,  Bd.  17- 

*  Ber.  ll.  dciilBcb.  cbem.  GfJtellscli..  Bd,  11. 
•L.  e. 

*  Di!  Bols-Reymiin.r»  Arch.,  1893. 
»  Zeiiwbr.  f.  jjbjsiol.  Ubi-ra.,  Bd.  7. 

*  Cited  fioni  Hopiw-8eyler'»  PTiyslo].  Chcm,,  B.  77. 


During  the  period  of  incubation  the  egg  losea  weight,  chiefly  dne  to  Iom 
of  water.  The  quantitj  of  solids,  especially  the  fat  and  the  proteidi, 
dimioislies  and  the  egg  gives  off  not  only  carbon  dioxide,  bat  also,  as 
Lieiir.RMAXK '  has  Khowii,  nitrogen  or  a  uilrogenouB  eubstance.  The  Ioas 
18  compensated  by  the  absorptioa  of  oxygon,  and  it  is  forind  that  dnring 
incubation  a  respiratory  eicliange  of  gns  tnkes  place.  While  tlie  qimntity 
of  iry  substance  in  the  egg  during  this  period  always  decreases,  the  tjuniitity 
of  mineral  bodies,  proteid,  and  fat  always  increases  in  the  embryo.  The 
increase  in  the  amount  of  fat  in  the  embryo  deitends,  according  to  T-ikrf.r- 
manx,  in  gr»at  ]>art  upon  a  taking  up  of  the  niitriLive  yolk  m  the  abdominal 
carity.  The  weight  of  the  sbell  and  the  quantity  of  limc-aalta  contained 
therein  remains  nucbangod  dwriog  incnbation.  The  yolk  and  white 
together  contain  the  neceaaar}*  qnantity  of  lime  for  development. 

The  mo£t  complete  and  careful  chemical  investigation  on  the  derelop- 
meut  of  the  embryo  of  the  ben  has  been  made  by  LtKiiKRHAXN.  From  liia 
researches  we  may  quote  the  following:  la  the  earlier  eL^<^s  of  Uie  dcTolop- 
ment,  tisanes  very  rich  in  water  arc  formed,  bnt  on  the  continnation  of  the 
development  the  quantity  of  water  decrease?.  The  absolute  quantities  of  the 
bodies  soluble  in  water  increase  ^yitll  the  development,  wliile  their  relative 
quantities,  as  compared  with  the  other  solids,  continually  decrease.  The 
rpiantities  of  the  bodies  soluble  in  alcohol  qnickly  increase.  A  specially  im- 
portnnt  increase  is  noticENl  in  the  fat,  whose  ij^iLantity  is  not  very  great  even 
on  the  fourteenth  day,  but  after  that  it  becomes  oonsiiierable.  The  quantities 
of  albuminous  bodies  and  albuminoids  insoluble  in  water  grow  continually 
and  regularly  in  such  a  way  that  their  absotate  quantity  increases,  while 
their  relative  quantity  remains  noarly  nnchanged.  Likdkhuakn'  found  no 
gelatin  in  the  embryo  of  the  hen.  The  embr)'o  does  not  contain  any 
gelatin-forming  substance  nnti!  the  tenth  day,  and  from  the  fourteenth  day 
on  it  contains  a  body  which  when  boiled  with  water  gives  a  substance  similar 
to  chondrin.  A  body  similar  to  niacin  occnrs  in  the  embryo  when  about 
six  days  old,  bnt  then  disappears.  The  quantity  of  htemoglobin  shows  a 
continual  iucroase  compared  with  the  weight  of  tlio  body.  LiEnKnitAKx 
fOQDd  that  the  relationship  of  the  hsmoglobin  to  the  bodily  weight  was 
1  :  728  on  the  eleventh  day  and  1  :  421  ou  the  twenty-lirst  day. 

TliD  tissue  of  the  plftMDU  Iiu8  iiol  tliui  fur  Lieeu  tbe  subject  of  (U-liiLletl  cli«rofcBl 
invcsti^Ktloii.  lu  Hid  vili;a»  uf  IIk'  (v'acoolaof  bitrliPE  lunluf  ciiisnrryMnlltKFLbtB  <iT»nj;e, 
colored  niemt'tit  {blllrublu?)  bas  been  fi<uDd.  mid  a.]»o  a  frrcfD  uitiori'bous  plcuunu 
Mbckki.  »AinniUocUt(yria,  wlilfh  is  coDsiileictt  ns  bIHvenlin  by  Etti.'  I'skvkii*  nuoa- 
lioii*  itie  ideality  of  tbew  piftmoiils  with  blHrordin. 

Fiom  Hie  roiylcdoim  of  ibi*  |>liirciiiaiii  nmiiimiiHn  wtiite  orfnint  rose-colored  cri'mny 
Hiikl.  the  vterinf  milk,  cKtx  be  obtnlDi'il  bv  pressure.  Il  ts  alknllne  In  rearllnn.  but 
becomes  acij  quickly.     Its  specific  graviljr  »  1.033-1. WO.     Il  coiilalna  us  formclemenls 

'  PflfiRLT-a  Arch..  Bd.  48. 

•  Malys  Jnbrosbcr..  B.I,  2.  8.  Stt7. 

»  IMe  Bliilkry-^liilli'  ■  Jfiiii.  1H7I).  B.  I8». 
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fat-elobnlex,  Hmall  giteoules,  and  eplthelliim-cellB.  We  liare  found  8t.8-120.9  p.  m. 
■ollas,  6l.'.!-iU5.ti  p.  m.  proteid,  about  10  p.  tn.  fat,  and  8.7-8.3  p.  m.  aali  io  the  uterine 
milk. 

The  tlufil  occurriog  fn  the  Bo-called  grape-kolb  {mola  raeemoaa)  bu  a  low  apedflc 
gravity,  1.009-1.012,  and  coatalua  19.4-26.S  p.  m.  solids  with  9-10  p.  m.  proteio  bodiea 
and  8-7  p.  m.  iisli. 

The  anmiotio  fluid  in  women  ie  thin,  whitish,  or  pale  yellow;  Bometimes 
it  is  somewhat  yellowish  brown  and  clondy.  White  flakes  separate.  The 
form-elements  are  mucus-corpuscles,  epithelium-cells^  fai-drops^  and  lanugo 
hair.  The  odor  is  stale,  the  reaction  nentral  or  faintly  alkaline.  The 
specific  gravity  is  1.003-1.038. 

The  amniotic  flaid  contains  the  constitaents  of  ordinary  transndations. 
The  amount  of  solids  at  birth  is  hardly  30  p.  m.  In  the  earlier  stages  of 
pregnancy  the  fluid  contains  more  solids,  especially  proteids.  Among  the 
albumiaouB  bodies  W^tl'  fonnd  one  substance  similar  to  vitelline  and  with 
great  probability  also  seralbumin,  besides  small  qnantitiea  of  mucin. 
Sugar  is  regularly  found  in  the  amniotic  fluid  of  cows,  but  not  in  hnmac 
beings.  On  the  contrary,  the  human  amniotic  fluid  contains  some  urea 
and  allantoin.  The  quantity  of  these  may  be  increased  in  hydnunnion 
(Pbochowxick,*  Harnack  *),  which  depends  on  an  increased  secretion  by 
the  kidneys  and  skia  of  the  foetus.  Creatin  and  lactates  are  donbtfol 
conatitDents  of  the  amniotic  fluid.  The  quantity  of  nrea  in  the  amniotio 
fluid  is,  according  to  Prochownick,  0.16  p.  m.  In  the  fluid  in  hydram* 
nion,  pRocuowNiCK  and  Harnack  found  respectively  0.34  and  0.48  p.  m. 
nrea.  Tlie  chief  mass  of  the  solids  consists  of  salts.  The  quantity  of 
chlorides  (NaCl)  is  5.7-6.6  p.  m. 

■  Du  BuU-Reymond'B  and  Relcliert's  Arch.,  1876. 

•  Arch.  f.  Gynttk.,  Bd.  11 ;  also  Maly's  JaUresber.,  Bd.  7,  8.  I6BL 

*  Berlin  klin.  Wocbenechr.,  1888,  No.  41. 
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MILK. 


The  chemical  conatituentB  of  the  mammary  glandi  have  been  little 
studied.  Tbe  cells  are  rich  in  proteid  aod  nuclcoproteidB.  Among  the 
lattor  we  have  one  that  yields  a  not  well  Btndied  reducing  EiibstaDco  on 
boiling  with  dilnte  mineral  acids  which  f^res  the  pentose  reactionB.  The 
relation  this  nncleoj)rot«id  bears  to  InctuRe  or  the  mother-siibstaDce  of  the 
same  has  not  been  determined.  According  to  Tti^UT'  tlie  secreting  glandg 
contain  a  body  which  on  boiling  with  dilute  miueral  acids  yields  a  redacing 
mbstance.  Hnch  a  anbatAnco,  which  acts  as  a  step  towards  the  formation  of 
lactose,  has  also  boon  observed  by  Ti)iKKFELi>eR.*  Fat  seems  to  be  a  never- 
failing  constituent  of  the  cell,  at  least  in  the  secreting  gland,  and  this  fat 
may  be  obten'ed  in  the  protoplasm  as  large  or  small  globule«  similar  to 
mitk-globnies.  The  extractive  bodies  of  Uie  mammary  glands  have  been 
little  iovestigated,  but  among  them  we  Und  considerable  amooDts  of  xanthin 
bodies. 

As  homan  milk  and  tbe  milk  of  animals  are  essentially  of  the  same  con- 
stitntion,  it  seems  best  to  speak  first  of  tbe  one  most  thoroughly  inves- 
tigated, namely,  cow's  milk,  and  then  of  tbe  essential  properties  of  the 
remaining  im|M)rtant  kinds  of  milk. 

Cow's  Milk. 

Cow's  milk,  like  every  other  kind,  forms  au  emnlsion  wbich  consists  of 
very  fiuely  divided  fat  snapended  in  a  solution  consisting  cbielly  of  prot«id 
bodies^  milk-sugar,  and  salts.  Milk  is  non-transparent,  white,  whitish 
yellow,  or  in  thin  layers  somewhat  bluish  wliite,  of  a  faint,  insipid  oilor  and 
mild,  faintly  sweetish  taste.  Tlie  specific  gravity  is  1.021^  to  1.0345  at 
-H  15°  C. 

The  reaction  of  perfectly  fresh  milk  is  generally  amphoteric.  The 
eitent  of  tho  acid  and  alkaline  part  of  this  amphoteric  reaction  has  been 
determined  by  different  investigators,  especially  Thorxer,  Sebklirk,  and 
O0DKA.KT.'    The  resnltB  vary  with  the  indicator?  tised,  and  moreover  the 


SO. 


'  Coinpt.  rcuil..  ToniL-  08. 

•  PflQg«r'A  Arcti.,  11(1.  'i'i.  and  Millar's  .Inlircsbcr..  Bd.  13.  S.  1B6. 

■TbOroer,  Haly's  Jabmbcr.,  Bd.  83;  Bcbelelu,  tbid.;  C'lumul.  PUDger's  Arch.,  Bd. 
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milk  (ram  difTerect  anima]i4,  m  well  ufi  that  from  the  same  animal  at  differ* 
ent  times  dnriag  the  lactation,  period,  rarles  BomevbaC.     Codrakt  hai 

determined  the  alkaline  part  bj  —  salpharic  acid,  nsing  bine  lacmoid  u 

indicator,  and  the  acid  part  hy  ~  caustic  Boda,  nsing  pbenolphtbalein  as  in- 

dioator.     He  fonnd,  as  average  for  the  first  and  last  portions  of  the  milking 
of  tventj  C0W8,  that  100  c.c.  milk  had  the  same  akaline  reaction  for  bbe 

lacmoid  as  41  c.c.  —  cansttc  soda,  and  the  same  acid  reacUon  for  pbe- 
nolphtbalein 08  10.5  c.c.  '--  ealphnric  acid. 

Milk  gradually  changes  when  exposed  to  the  air,  and  ita  reaction 
becomes  more  and  more  acid.  This  depends  ou  a  gradaul  trans furmstioD 
of  the  milk-sugar  into  laclto  acid,  caused  by  micro-organisms. 

Entirely  fresh  umphot«rJu  milk  does  not  coagulate  on  boiling,  bnt  forms 
a  skin  consisting  of  coagulated  casein  and  lime-salts,  which  rapidly  re-fomu 
after  being  r&moved.  Eren  after  passing  a  current  of  carbon  dioxide 
through  the  fresh  milk  it  does  not  coagulate  on  boiliag.  Iq  proportional 
the  formation  of  lactic  acid  advances  this  behavior  changes,  and  soon  a 
stage  is  reached  when  the  milk,  which  hag  previously  had  carbon  dioxide 
passed  through  it,  coagulates  on  boiling.  At  a  second  stage  it  coagnlatoa 
alooe  on  heating;  tlien  it  coagulates  by  pasuing  carbon  dioxide  alone  with- 
out boiling;  and  lastly,  when  the  formation  of  lactic  acid  is  softlcii^nt,  it 
coagulates  spontaneously  at  the  ordinary  temperature,  forming  a  solid  man. 
It  may  also  happen,  eapecially  In  the  warmth,  that  the  casein-clot  coctracti 
and  a  yellowish  or  yellowiBh-green  acid  liqQid  (acid  whey)  separateA. 

Milk  may  underf^n  vnrlona  fcrmenCfttions.  Lart ic-ftrld  fcrmcntntlon,  brougbl  atioul 
by  Utifi'E'H  luctic-uci'l  iHicillus,  huiI  also  other  T&rietiea  lakvs  tirsC  piftce.  lu  tli«  spun- 
UneoiLi  souring  uf  milk  we  gL-iicinlly  cousldcr  the  U>rmatloii  oX  IncUc  rl-M  us  the  nuM 
es^culkl  proOiici.  Salkowaki  aiuI  BLrMKimiAL' cIaIid  ilint  a  fotrnation  of  succiale 
actd  mtiy  nlsx)  take  pluce.  nud  in  cvruiiu  lincterini  J«ci)itipo«itums  cl  milk  Ihcy  etaiin  tat- 
dale  acid  and  do  Ini-Mc  ncid  N  formt^'iL  The  materials  from  wbicb  iheae  |wo  acidi  ut 
fonne-l  am  IiwUd^;  aud  Iftcto-pliosphucanklc  ucld.  Besides  kcltc  ntid  8iK-x!!Dic  acldi, 
voUtilr  fiitiy  acuU,  such  iia  acetic  ucid.  hutyric  Kciil,  and  olbors,  nuiy  be  formed  In  Ibe 
Ijucleriiil  drcuuipusilloii  of  nnlk. 

Mtlk  xomctitrra  iirii)urgiH<«  a  pocullnr  IvIdi)  of  cou^iUUon,  Mni*  converted  Into  a 
thick,  ropy.  lUuiy  mass  (ihick  milk).  ThiscoDTerslon  depends  U]^oa  a  peculiar  change 
in  wbirh  the  millt-Eiit^iir  !a  mndti  lo  iiiulergu  a  slimy  ImnafonuAtluu .  This  transfomu- 
tlon  Is  cau»ed  l>y  a  speciiil  orgunized  furmeut.* 

If  the  milk  is  sterilized  by  heating  and  contact  with  micro-organisms 
prevented,  the  formation  of  lactic  acid  may  bo  entirely  Btopj)od.  Tiie 
fonnatiou  of  acid  may  also  be  prevented,  at  least  for  some  time,  by  many 

'  Vircbow'a  Arch.,  Bdd.  137  and  146. 

*  See  Scbmidt-MQlbehn.  PQQger'sArcb.,  Bd.  37,  and  G.  Lelcbmaoo.  XalT*S  Ja]u» 
btr..  Bd.  24.  3.  344. 
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antiseptics,  sach  as  Ealicylic  acid  (1  :  5000),  thymol,  boracic  acid,  and  other 
bodies. 

If  freshly  dravn  amphoteric  milk  is  treated  with  rennet,  it  coagalatefl 
quickly,  eflpeeially  at  the  temperatora  of  the  body,  to  a  solid  mass  (curd) 
from  which  a  yellowish  flold  (fiwcet  whey)  is  gradually  presBcd  out.  This 
coagulation  occurs  without  any  change  in  the  reaction  of  the  milk,  and 
therefore  it  is  distinct  from  the  acid  coagulation. 

In  cow's  milk  we  find  as  form-elements  a  few  colostmm  corpnacles  (see 
Colostrum)  and  a  few  pale  ancleated  cells.  Tlie  number  of  these  form- 
eleuients  is  very  small  compared  with  the  immense  amount  of  the  most 
essential  fomi-cotistitnents,  the  milk-globules. 

The  Milk-globules.  These  consist  of  extremely  email  drops  of  fat  whose 
nnmber  is,  according  to  Woll,'  1.06-5.75  million  in  1  c.mm.,  and  whose 
diameter  ii  0.00"^4-0.004t>  mm.  and  0,0037  mm.  as  avcrago  for  different 
kinds  of  animals.  It  is  untjtiestionble  that  the  milk-globules  contain  fat, 
and  we  consider  it  as  positive  that  all  the  milk-fat  exists  in  them.  Another 
and  disputed  question  is  whether  the  milk-globules  consist  entirely  of  fat  or 
whether  tliey  also  contain  proteid. 

According  to  the  obaervationa  of  AsrnERSOiff,*  drops  of  fat,  when 
dropped  in  an  alkaline  proteid  solution,  are  covered  with  a  fine  albnminous 
coat,  a  so-called  hapiogen-viembrane.  As  milk  on  shaking  with  ether  does 
not  give  np  its  fat,  or  only  very  slowly,  in  the  presence  of  a  great  excess  of 
ether,  and  as  this  takes  place  very  readily  ofter  the  addition  of  acids  or 
alkalies,  which  diseolve  proteids,  it  was  formerly  thought  that  tlie  fat- 
globules  of  the  milk  were  enveloi>ed  in  a  proteid  coat.  A  true  membrane 
has  not  been  detected ;  and  since,  when  no  meann  of  dis»o1vIng  the  proteid 
is  re!K>rted  to — for  example,  when  the  milk  is  precipitated  by  carbon  dioxide 
aft«r  the  addition  of  very  little  acetic  acid,  or  when  it  is  ooagnlated  by 
rennet-^the  fat  can  be  very  easily  extracted  by  ether,  the  tlieory  of  a  BpecisI 
albnminons  membrane  for  the  fat-globnles  has  been  generally  abandoned. 
The  observations  of  Quincke'  on  the  behavior  of  the  fat-globalea  in  an 
emnlsrou  prepared  with  gum  have  led,  at  the  present  time,  to  the  conclusion 
that  each  fat-globule  in  the  milk,  is  surrounded  by  a  stratum  of  caaein  solu. 
tion  by  means  of  molecular  attraction,  and  this  prevents  tlie  globules  from 
uniting  with  each  otlier.  Everything  that  changes  the  physical  property  of 
the  casein  in  the  milk  or  precipitates  it  must  necessarily  help  the  solution 
of  the  fat  in  ether,  and  it  is  in  this  way  that  the  alkalies,  acids,  and  rennet 
work. 


■  Oo  the  CondllioBB  InflitendnK  ilic  Number  miil  8i«j  of  Fnt-globulvt  Fo  Cow'ii  Milk. 
I        Wlscotuln  Kxpl.  Station.  Vol.  ft.  18SS. 
I  »  Arch.  L  Anal.  u.  Pliytiol..  1840. 


Storch  hae  shown,  la  oppositioo  to  these  Tiews,  tliat  the  milk-globales 
Are  surroanded  by  a  ineiubraue  of  a  epecial  slimy  finbstance.  This  sabguoce 
is  Terjr  insoluble,  coutaius  14. '^14. 70^  uitrogeu,  und  fields  a  angar,  or  tt 
least  a  reducing  Bubstanco,  on  boiling  with  hydrochloric  acid.  It  is  neither 
casein  nor  hictalbutnin,  but  seems  to  all  ajipearances  to  be  identical  wiUi 
the  Eo-called  "gtroiua  aubstauce"  detected  bj  Hauenhauhkn  and  Dam- 
LBW9KY.  il^TOHCii  was  able  to  show  that  this  substance  enveloped,  the  fat- 
globalea  like  a  mcmbrano  by  staining  the  same  witb  certain  dyes. ' 

The  milk'fiU  has  a  ratlier  variable  Bpecilic  gravity,  which  according  to 
ButiK*  is  0.940-O.lJ!)t;  at  -|-  15"  0.  The  milk-fat,  which  is  obtained  ander 
the  name  of  butter,  consists  in  great  part  of  the  nentral  fato/io/miVin,  oUin- 
and  stearin.  Besides  tliese  it  contains,  as  triglycerides,  myristtc  acid^  Kmall 
qaantities  of  bufi^ric  acid  and  caproic  ncid,  traces  of  caprylic  acid,  capric 
acids^  iauric  acid,  and  arachidic  acids.  Uutter  which  has  been  exposed  to 
tbo  action  of  suiiliglit  contains  also  formic  acid  (DrcLArx).  Milk-fat  also 
contains  a  small  qaantity  of  itcithin  and  choiestertn,  also  a  yellow  coloring 
matter.  Tbe  quantity  of  volatile  fatty  acids  in  butter  is,  according  to 
Di'CLAUX.*  on  an  average  about  70  p.  ni.,  of  which  S"-.*)!  p.  m.  is  butyric 
acid  luid  20-3:1  p.  m.  is  caproic  acid.  The  non-volatile  fat  consists  of  )^~VV 
olein,  and  the  remainder  of  a  mixtnre  of  palmititi  and  stearin.* 

The  milk-plasma,  or  that  tUiid  in  wliich  tlio  fat-globules  are  suspende^l, 
oontainK  several  albnminous  bodies,  casein,  lactoffhbulin,  and  lactaihufiiin, 
and  a  little  opnlisin  (see  Human  Milk),  and  two  carbohydrates,  of  which 
only  one,  the  milh-s\igar,  is  of  great  importance.  The  mtlk-plasma  also 
contains  extractive  bodies,  traces  of  urea,  creafin,  creatinine  hypozanthin  (f), 
lecithin,  cholesterin,  citric  acid  (Soshlbt  and  Uknkel),*  and  Uatly  also 
mineral  bodies  and  ffoses. 

Casein.  This  protein  snbstance,  which  thus  far  baa  been  detected  po«- 
tirely  only  in  milk,  belongs  to  the  nucleoalbnmina,  and  differs  from  t)i» 
albmninates  chietly  by  its  containing  phosphorus  and  by  its  iMhavior  with 
the  rennet  enz/me.  Caeoin  from  cow's  milk  has  tbe  following  composition: 
C  S'i.O,  n  7.0,  X  15.:,  S  O.S,  P  O.HS,  and  O  23.65:1;.  Its  specific  roUtion 
is,  according  to  HorrE-S£YLEB,'  somewbftt  variable;  in  nentral  solution  it 
is  a-(D)  =  —  8U°.    The  qautioa  whether  tbe  casein  from  diderent  kinds 


>  V.   Storcli.  see  Muly'ii  Jibicalwr..  TM.  27 :   Badenhkusen  and  Daollew^;,  For 
schuugeo  &uf  dcni  Ocbtctc  dcr  Vlchb&ttijng  (Brumen,  1880),  Heft  9. 

*  Maly  B  jBhresbi-r.,  lid.  ID,  S.  19^. 
»  CoDipl.  rend..  Tome  t04. 

*  Varloiifl  aUt foments  u  to  thfi  cc>in])osUloD  of  mllk-fnt  can  be  fount!  Id  KaeToed. 
B'lll.  A.  t'Acnd.  Danol»c.  1891.  and  Wstiklyii.  Cbemical  New«.  Vol.  08. 

*  Clied  from  P.  SOIJuer,  DlcSnlsu  dcr  HUob..  etc.     LnDdwirtbwb.  VermchMatldo, 
Bd.  36.    Separaubsug,  S.  18. 

*  Handb.  i).  pbfslol.  u.  pntho).  chein.  Analyse,  S.  AuO.,  8.  309. 
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ot  milk  ia  identical  or  whether  there  are  several  different  cueiDB  has  not 
been  positirelj  determined. 

Casein  when  dryapj^ars  like  a  fine  vhite  powder  which,  after  heating  to 
100**  C.  or  somewhat  ahoTe,  shows  the  properties  and  solnbilities  of  freshly 
precipitated,  still-moist  casein.  Casein  is  onlj  slightly  sohihle  in  water  or 
in  nentral-saU  solntions.  According  to  AitTiiis'  it  is  rather  easily  eolable 
Id  a  1^  solution  of  sodinni  flaorido,  ammonium,  or  potaitstum  oxalate.  It 
acts  like  a  rather  strong  arid,  dieeoWes  readilv  in  water  on  the  addition  of 
Tery  little  alkali^  forming  a  noatral  or  acid  liquid,  and  lastly  it  dissolres  in 
water  in  the  presence  of  calcium  carbonate,  from  which  it  expels  the  carbon 
dioxide.  If  casein  is  diseolired  in  lime-wal«r  and  this  solution  carefully 
treated  with  very  dllnt*  phosphoric  acid  until  it  is  nentral  in  reaction,  the 
casein  appears  to  remain  in  solution,  bnt  is  probably  only  swollen  as  in 
milk,  and  the  liquid  contninn  at  the  Nimo  time  a  large  (|ti:iiitity  of  cnlcinm 
phosphate  withoot  any  prpcipitate  or  any  gnspended  particles  being  risible. 
The  casein  Bolations  containing  lime  are  opalescent  and  have  on  warming 
the  appearance  of  milk  deficient  in  fnt.  Therefore  it  is  not  impossihio  tlipt 
the  white  color  of  the  milk  is  due  partly  to  tho  casein  and  caloinm  phos- 
phate. SoLDKi^R  has  prepared  two  ciUcium  combinations  of  casein  with 
1.55  and  2.36^  CaO,  and  these  combinations  are  designated  dt-  and 
tricalcinm  casein  by  OouraNT.* 

Casein  solntions  do  not  coagulate  on  lulling,  bnt  are  covered,  liko  milk, 
with  a  skin.  Thoy  are  precipitated  by  very  little  acid,  hot  the  presence  of 
neatrol  suite  retards  the  precipitation.  A  oaseiri  solution  containing  salt  or 
ordinary  milk  requires,  then.>fore,  more  acid  for  ])recipitation  than  a  salt- 
fr»e  Bolntion  of  casein  of  the  same  concentration.  The  precipitated  casein 
diasoWes  very  easily  again  in  a  small  excess  of  hydrochloric  ncid,  but  less 
easily  in  an  excess  of  acetic  acid.  These  acid  eoUitions  are  precipitatmi  by 
mineral  acids  in  excess.  Casein  is  precipitated  from  neutral  solntions  or 
from  milk  by  common  salt  or  nmgnetiiom  snlphate  in  suhstance  wilboat 
changing  its  proi^rtiee.'  Metallic  salts,  such  as  alum,  f.\nc  sulphate,  and 
copper  sulphate,  completely  precipitate  the  casein  from  nentral  solutions. 

The  property  which  is  the  most  characteristic  of  casein  is  that  it  coagu- 
lates with  rennet  in  the  presence  of  a  sufficiently  great  amount  of  liuie-Multa. 
In  solutions  free  from  lime-salts  the  casein  does  not  coagulate  with  rennet; 
but  it  ia  changed  so  that  the  solittion  (even  if  the  enzyme  is  destroyed  by 


■  M.  Arlhtu,  Theses  preserties  t  la  faculty  dps  fictenc-rs  etc  pBrf§.  1808. 

■  SOIitner,  Die  8n1ze  der  Milcli,  clc;  Cnuraot,  1  c.  In  rteiinl  to  Uie  fuilta  of  casein 
see  tlis  reccDl  lovestigstions  of  g&liiucr,  Usly'a  Jalitx-nlH-r.,  Btl.  35,  and  J.  ROhmsnu. 
BerUn.  kiln.  WoclieoBChr..  \mi. 

'  MonczcwakI  obtained  mlcrouopintl  spberolitlu,  (.-onftiBUDg  gf  prolcid  nod  46^  «■)> 
from  an  anunoniscal  solution  ot  casein  and  magQCftium  chloride  (Zell»ulir.  f.  pbjBloI. 
diem..  Bd.  21;. 
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be&ting)  jielda  a  coognlatml  mass,  haviag  the  properties  of  cnrtl,  tf  liine> 
salts  are  added.  The  reanet  enzyme,  reania,  has  thereiore  an  actioa  on 
ca^^ein  even  in  the  absence  of  lime-solto,  and  these  laat  are  ontj  neceuarf 
for  the  coagulation  or  the  separjitinn  of  the  curd.  This  fact,  which  wu 
first  proTed  by  Hammakstkn,'  has  lately  been  confirmed  by  Abthcs  and 

PaoE3.' 

Tlie  onrd  formed  on  the  cojignlation  of  milk  contaiita  large  qnantitiei  of 
calcinm  phosphate.  According  to  Soxhi.kt  and  Siii.DXER,  the  sohilila 
lime-salts  are  of  essential  importance  only  in  coagulation,  while  the  calcium 
phosphate  is  without  iniportanoe.  According  to  Coukant  the  calcinm 
casein  on  coagnlation  Tnay  carry  down  with  it,  if  the  solntion  contains 
diculciam  phosphate,  a  part  of  this  aa  tricalcinm  pboii]}hate,  tearing  mono- 
calcium  phosi'hato  in  the  solntiou.  The  clieniical  processes  which  talte 
place  in  the  rennet  cougulution  have  not  l>een  thoroughly  investigated  ;  still 
sereral  observations  seem  to  shtnv  that  casein  apltta  partly  into  a  difficaUljr 
soluble  body,  paracasein  or  eurd,  whose  composition  closely  rescuiblw  thit 
of  casein  and  which  forms  the  chief  product,  and  partly  into  an  easily 
soluble  substance,  similar  to  albumose,  whey-proteitl,  which  is  deficient  in 
carbon  and  uitrogen  (50.3^  C  and  Vi.'l'i  N,  Koster')  and  which  is  pR>> 
duced  in  very  ainull  f|uuntitLeB.  I'uriiCHuein  *  is  not  further  changed  '  by  tbfl 
rennet  enzyme,  and  it  lias  not  the  property,  to  the  same  extent,  of  holding 
calcium  phosphate  in  solntion  as  caseia  has.  Id  reg«rd  to  other  enzyma 
noting  like  reunin  s&c  Chapter  IX. 

In  the  digestion  of  casein  with  ])e[)siu  hydrochloric  acid  pseudonucleiu  is 
split  off,  and  the  quantity  thus  split  oCT  is  very  rariable,  as  shown  by  the 
reaearches  of  Halkowski,  Uaus,  Mukaczuwski  and  Sebkliex.  '  The 
amount  of  phosphorus  in  the  obtained  psendonncleins  also  varies  consider- 
ably. According  to  Salkowski  the  qnantity  split  off  i&  dependent  npon 
the  relationship  l>etween  the  casein  and  digestion  fluid,  namely,  the  quantitj 
of  pseudonncleiDii  diniinishos  as  the  pepsin  hydrochloric  acid  increases.  In 
the  presence  of  5ri0  grms.  pepsin  hydrochloric  aci.l  to  1  grm.  casein  Sai,- 
KowsKi  digested  the  caseia  completely  without  obtaining  any  ]>aeadonuc]eiD. 

'  Miilf 'a  Jnlii-csliFr..  Udd.  %  auti  4 ;  aluo  Huuitiar>len.  Zur  EeimliilMdcs  Kwrtha  iiud 
del  Wirkitug  des  LiiMermcDWi.  KoM  Aci»  Hog.  Soc.  &cl«iit.  Upula,  X877.  Petlschrifl. 

*  Arch,  (le  Pliysiul.  {S),  Tupuo  2,  and  Mem.  Soc.  l>[ul.,  Tdiii«  43. 

*  See  Mftty-i  Jahresber..  BJ.  ll„  S.  14. 

*  It  lias  Ikeen  recently  pmpiisetl  tu  tleelguiite  Uio  onlliiary  cbmJd  as  oaselnogcR.  Ufl 
tlio  curd  u  CHSeiii.  AlltiougU  kucIi  a  proposltJou  is  ibeorcticftllj  corrrcl.  It  It-ads  lu 
practico  to  conf  <i«lou.  On  lUls  ftcrnimt  tliu  nuibor  calla  llio  nird  parocAaein,  accun'.ln^ 
to  Kchmlzf!  ami  ItntK:  (Lattdwirilkscli.  VerHuctitslnt..  B«].  31). 

*  See  Hatnmarsten,  ZctUclir.  f.  plij-alol.  CliPin,.  Kd.  22.  In  regard  td  r«c«tit  work 
on  tho  coagiilAliuu  of  millt  wi.-  must  iiieiilloit  Hillniaun,  MilcliZeltUDg,  Bd.  23  ;  Beaji- 
mln,  Vii-cbow's  Arcli..  Bd.  145  ;  ard  LOrchrr.  PtiQger'*  ArcU.,  Bd,  69. 

*  SalkowBki  aDd  Habn,  Pllllger's  Arch.,  Bd.  59  :  Snlkuwaki.  i!nd.,  Bd.  ftS ;  ▼.  Mon- 
cxcwaU.  ZeitKhr.  f.  phygiol.  Cb«m..  Bd.  30;  ScbcHco.  ibid..  Bd.  20. 


lACTALBUmN  ASiD  MILK-SUGAR. 

Iq  peptic  as  well  us  trrptic  digestiou  a  part  of  the  organic  coiiiblned 
phosphoraa  is  split  oCE  as  orthopliospboric  acid;  the  quantity  increasing  as 
the  digostioiL  progresses.  Another  part  of  the  phosphoniB  is  retaiued  in 
orgauic  combination,  in  the  albomoeea  as  well  m  in  the  true  jieptone 
(Sai.kowski,  Uifki,  Alexander ')• 

Casein  may  be  prepared  in  the  following  way:  The  milk  \«  dilated  with 

4  TOI0.  water  and  the  mixture  treated  with  acetic  acid  to  O.To  to  I  p.  m. 
Casein  thus  obtained  i^  jTurilled  by  repeated  solutioti  iu  water  with  the  aid 
of  the  smalleat  qnnniity  of  ntkali  possible,  by  filtrating  and  reprecipltJitiog 
with  acetic  acid,  and  thoroaglily  washing  with  water.  Most  of  the  milk-fat 
is  retained  by  the  filter  on  the  Anst  liltration,  and  the  casein  contaminated 
with  traces  of  fiic  is  puritlefl  by  treating  with  alcohol  and  ether. 

Laetogloliulin  was  obtained  by  Skbki.ein  from  cow'b  milk  by  eatnrating 
It  with  NaCl  in  sabstance  (which  preoipttatetl  the  casein),  and  saturating 
tlie  tiltrato  with  magnesium  sulphate.  As  far  as  it  has  been  inresligateii  it 
had  the  properties  of  serglobalin;  the  globnlin  isolated  by  Tikm.^xn'  from 
colratnini  bad  neverthelese  a  markedly  low  quantity  of  carbon,  namely, 
49.83^, 

Laotalbomin  was  first  prepared  in  a  pnre  state  from  milk  by  Sboelbin.' 
Its  composition  Is,  according  to  Sebeueik,  0  S3.19,  H  T.18,  N  15.77, 

5  1.73,  0  23.13^.  Lactalbnmin  has  the  properties  of  the  albnmius.  It 
coagulates,  acconlitig  to  the  concentration  and  the  amount  of  m\\,  in  solu- 
tion, at  -f  72^  to  84°  C.  It  is  similar  to  Boralbumin,  but  dilTere  from  it  in 
having  a  considerably  lower  specific  rotatory  power:  a{D)  —  —  '47°. 

The  principle  of  tlio  preparation  of  lactnlbnmjn  is  the  eome  as  for  the 
prepanition  of  Heralbnniin  from  scrum.  The  cuseiti  and  the  globnlin  are 
removed  bv  MgEJO^  iu  subetauco,  and  the  filtrato  treated  as  proviouslv  stated 
(pagoU:)'. 

Tilt' occiiirence  of  oilier  albuininoits  bodies,  such  its  alftumM^  and  p&ptono*.  in  oillk 
liLs  not  bovQ  (loBillvDly  i>ruved.  Tbew  bodies  are  ettsity  piCNluceilnfl  labonlory  pniflucla 
from  llic  oibcr  protciils  uf  ihu  milk.  Siicb  u  lubi<rutory  jiroiliict  Is  Hillon'h  and  Co* 
MAiLLc's  Utci"}froUtn.  wiik'li  ifl  R  tnliituro  of  «  liulr  cssHu  wfib  cbaufci'd  nlbuiiifD,  nod 
■IbitiDosc,*  wbicb  la  ruruK-d  by  cbeiiiknL  nctiou.  Iu  tvgard  lo  vpatmn  sec  IIuiiirq 
Kllk.  page  896. 

Milk  bUci  contnina,  Acctmlin^  to  ^iKCtPRiRD.*  a  uHcleon,  rclate«I  to  {lAaspbnCAmto 
acid,  and  which  ylclHs  forincnimion  birifr  acid  [iDStesd  of  pRrnlftrtic  actdj  nod  a  tpedal 
cairilc  acbl.  artflie  neid  (ioaU-ad  >iif  oiiiicltt  cnrnlc  ucld).  a»  G]«Hv«j[e  products.  LaoIo- 
pbMpbocnmic  ncId  may  bt-  nri'r!ptta[e<l  as  lui  irnn  combtnaUoQ  from  llie  milk  freed  from 
casciu  mid  coagulublc  protolds  a  well  as  ttirtby  pboepbat««. 

Kilk-sagar.  lactose,  C„II„0,,  ~f-  H,0.    This  sugar  with  the  absorption 

of  water  oau  be  split  into  two  gincosea,  dextrose  and  gaiadose.     It  yields 

>  Snikowskf,  i.  c;  BlfD.  Vlrchow'i  Arch..  Bd.  ISS;  Alciandcr.  Zeltscbr.  f.  pbyfliol. 
Chein..  Bd.  ^. 

*  ZeilMhr.  f.  pbysiol.  Chem..  Ba.  SO. 
I  ZeiUcbr.  f.  pbykiol.  Cliem..  Bd.  9. 

*  Bee  Hammarsu-n,  Vcbcr  A*z  LsktoproteTo.  Noid.  med.  Arklv.,  Bd.  6,  No.  10 ;  alio 
Maly'«  Jahresber,  Bd.  6,  S.  13, 

*  Zdtscbr.  t.  pliytlol.  Cbem..  Bdd.  SI  and  33. 
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macio  acid,  beatdes  other  organic  acids,  by  the  action  of  dilute  nitric  acid. 
Levulinic  acid  ta  formed,  besides  formic  acid  and  hamin  sabetancee,  b;  die 
stronger  octiou  of  iicids.  By  tiie  action  of  iilkalies  amungst  other  prodacG 
we  find  lactic  acid  and  pyrocatechin. 

Milk-sapar  occurs,  as  a  rule,  ouir  in  milk,  bat  it  haa  also  been  found  tb" 
the  arine  of  pregnant  women  on  sbiiguatioQ  of  milk,  as  well  as  in  the  nrioe 
after  partaking  of  large  quantities  of  the  same  sngar.     According  to  the 
statements  of  Pai'PEI.  and  RtcuMosD'  the  milk  of  the  Egyptian  bnffalo 
<loe9  not  contain  milk>fiugiir,  bnt  u  sugar  called  ieicjOrose. 

Milk-sugar,  of  rhinh,  according  to  Tanbet,  we  have  three  modifications 
(see  Chapter  III),  occors  ordinarily  as  colorless  rhombic  cr^-stils  with  1  mo!, 
odt  water  of  crraLallization,  which  is  driven  of!  by  slowly  heaUng  to  100"  C, 
fant  more  easily  at  laO-UO'  C.  At  1*0"  to  180°  C-  it  is  converted  inton 
brown  amorphons  mass,  lactocaramel,  C,H„0,.  On  (Quickly  boiliog  down 
B  milk-sugar  solution,  auhydroui  milk-sugar  separates  out.  Milk<4Tigi.r 
disBolree  in  C  jiarts  cold  or  in  11.5  parts  boiling  water;  it  liae  a  faintly 
Bweetiali  taste.  Tt  does  iLot  dissolre  iti  ether  or  absolute  alcohol.  Its  solu- 
tions are  dextrogyrate.  The  rotatory  power,  which  on  heatiog  the  solntloa 
to  100*  C.  bocomcB  couBtant,  ia  f*(l>)  = -|- S^-S".  Milk-sugw  combines 
with  bases;  the  alkali  combinations  are  insolnble  in  alcohol. 

Milk-sagar  is  not  fermentable  with  pure  yeast.  It  nndergoea,  on  tli« 
contrary,  alcoholic  formeiilation  by  the  action  of  certain  Bchizomycet««,  and 
according  to  K,  FiscncH'  the  milk-sugar  is  tirst  split  into  glucose  and 
galactose  by  au  enzyme,  lacfase,  existing  in  the  yoast.  The  preparation  of 
milk-wine,  '*;twmyw,*'  from  mare^e  milk  and  "i'f/»Air"  from  cow's  milk 
is  based  upon  this  fact.  Other  micro-organisms  also  take  |>art  in  this 
change,  causing  a  lactic-acid  fermentation  of  tho  milk-sugar. 

Lactose  responds  to  the  reactions  of  grape-sugar,  sach  u  Moore's, 
Tromm£R^S.  and  Hiunbii's,  and  the  bismuth  test.  It  also  redaces  met- 
onric  oxide  in  alkaline  solutions.  After  warming  with  phenyl hydrazin 
acetate  it  gives  on  cooling  a  yellow  crystalline  precipitate  of  pheuyl- 
lactosazon,  L\,n„N,0,.  It  differs  from  cane-sugar  by  giving  pogitire 
reactions  with  Moour'a  or  TROUUKu't;  and  the  bismuth  test,  and  also  in  tfait 
it  doe-s  not  darken  when  heated  with  anhydrous  oxalic  acid  to  100"  C.  It 
differs  from  grape-sugar  and  maltose  by  its  sohtbility  and  orystalline  form, 
but  e»|veciully  by  its  not  fermenting  with  yeast  and  by  yielding  macic  aciii 
with  nitric  acid. 

For  the  preparation  of  milk-sngar  we  make  use  of  the  by-prodaot  in  the 
preparation  of  cheese,  the  sweet  wliey.  The  proteid  is  removed  by  coagols- 
tion  with  heat,  and  the  tiltrato  evaporated  to  a  syrup.  The  crystals  which 
separate  after  a  certain  time  are  recrystallized  from  water  after  decoloriiinj; 

>  Juurn  Ciieni.  See.  Ix>iidoii,  1804,  p.  754. 
■  Ber.  d.  deutscU.  chem,  GcKllKh.,  Bd.  87. 
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with  animal  oharcoftl.  A  pnro  preparntion  may  be  obtained  from  the  com- 
tnoroial  niiLk-8Ugar  by  repeated  recrjstalUzatioD.  The  quantitAtire  esUma- 
tiou  of  milk-eiigiir  may  in  part  be  performed  by  the  polaristrobonieter  and 
partly  by  meane  of  titration  with  Fkiilinmj's  aolnlion,  10  c.c.  of  Feiiling's 
Bolutiou  correapoiuls  to  O.O'JTtl  grm,  milk-sngar  in  0.5-1.5.<  solntion  and 
boiling  for  6  minutes  (in  regard  to  Febuxg^s  solotion  and  the  titration  of 
•agar  see  Chapter  XV). 

RiTTU&iisKN   bjiJi  foiiuti  another  carbolijdratc  In   iiiifk  wbich  \a  nohible  In  wnter.  • 
noD-c>7sulll7-ublc,  tvliicli  Iiiih  a  faint  'ediicfng  RClioii.  hikI  whirh  yielda  on  hollln^  wjih 
nu  aci<t  A  Ui><lf  huTltij;  u  grtutt-r  rtducltig  powtr.    Ia.M>wEnR  comlders  lliia  u  aDiinal  i 
guiu,  atid  B£i:ii\MP*  ns  ik-ilriD. 

The  mineral  bodies  of  milk  frill  be  treated  in  ooDuection  with  ita  qnauti- 
tatiTe  composition. 

The  metbodi  for  the  qnantitatire  analysts  of  milk  are  rery  nunierons, 
and  as  they  cannot  all  be  treated  of  iiero,  wo  will  give  the  chief  points  of  a 
few  of  the  most  trustworthy  and  niOHt  fretiiieiitly  employed  methods. 

In  determining  the  solids  a  carefully  weigiitid  (|uantitY  of  milk  Is  mixed 
with  an  equal  weight  of  heated  (jiuirtz  suthI,  line  glass  powder,  or  nshestos. 
The  evaporation  is  first  done  on  the  water-bath  and  hnishod  in  a  cnrrenc  of 
carbon  dioxide  or  liydrogen  not  above  lOU*  C. 

The  mineral  bodies  are  de'emiined  by  ashing  the  milk,  using  the  pre- 
caations  mentioned  in  the  text-books.  Tlie  results  obtained  for  the  phos- 
phoric acid  are  incorrect  on  acconnt  of  the  burning  of  phosphorized  bodies, 
such  as  casein  and  lecithin.  We  mast  therefore,  according  to  Solunkr, 
subtract  '2rt^  from  Iho  total  phosphoric  acid  fonnd  in  tlie  milk.  Tlie 
quantity  of  sulphate  tn  the  ash  also  depends  on  the  burning  of  the  proteida. 

In  tbo  detennination  of  the  io/ai  nmouui  of  proteids  we  make  nsc  of 
ItimiAt'.sKN*8  metliod,  niiniely,  precipitate  the  milk  with  r^opper  snlphato 
according  to  the  modification  suggested  by  JUsK."  He  precipitates  all 
the  proteids  by  means  of  eoiiper  oxyhydrate  at  Itoiling  heat,  and  determines 
the  nitrogen  in  the  precipitate  by  means  of  Kjeldaul's  method.  This 
modification  gives  exaoter  results. 

The  older  method  of  I'uls  and  Stenbeho/  where  the  precipitant  is 
alcohol,  is  too  complicated  and  not  safllciently  reliable.  Sebklien'  has 
8ngg«Bted  a  very  good  modifirAtion.  'A-\  grtns.  of  milk  are  diluted  with  an 
equal  volume  of  water,  a  little  common-saU  ttnlution  added,  and  precipitated 
with  an  excess  of  tannic  acid.  The  precipitate  is  washed  with  cold  water, 
and  then  the  quantity  of  nitrogen  determined  by  Kjelhahl's  metbod. 
The  total  nitrogen  foaiid  when  nuiltiplied  by  ti.KT  (casein  and  lactalliumin 
contain  both  15.7't  nitrogen)  gives  the  total  quantity  of  albiimiuons  bodies. 
This  metbod.  which  is  retidily  performed,  gives  very  good  rejinll^'.  I.  JiIunk 
nsed  this  method  in  the  analysis  of  woman's  milk.  In  this  case  the  qnantitj 
of  nitrogen  fonnd  mnst  be  multiplied  by  i>.'iA.  The  objection  to  tliis  and 
other  methods  where  the  proteids  are  precipitated,  is  that  perhaps  other 

>  Rltthauaen,  Journ.  f.   praku  Chetn.  (S.  F  ).  Bd.  15  ;  I.iuiJwcbr,  foot-ooto  3,  po^B 
46 ;  llMbnmp.  Bull.  *oc.  cblm.  [3),  Tonie  0. 

»  Ritihaiisen,  Jotirn.  f.  prnUt.  Cliera.  (N.  F.).  Bil.  10-,  I.  Munk.  Vfrobow's  Arch.,  Bd, 
134. 

>  Puis.  PllQger't  Aivh.,  Bd.  13  :  Sienlwrg.  Muly'a  Jsbndwr..  Bd.  7,  8.  169. 
*ZciUKlir.  t.  pbyslol.  Cli«m.,  Bd.  13. 
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bodies  (extractives)  may  be  curried  down  at  the  same  tiuio  (Caueueu  and 
SoLUNGK  ').     It  is  undecided  Lo  irbat  exteot  this  takes  place. 

Apnrt  of  tbo  ultrog«ii  Id  ikeiiiilk  oxiiUoa  extmclivcB,  aui]  llii'i  oltro^a  is  cakuUlcd 
OS  I  be  cllfference  bctwocu  Lhc  (otul  nitrDgcn  and  Uie  pnilein  iiilrnj^^n.  According  l4 
UcKi's  ftnalyao  about  -^f  of  the  totAl  nitrogeu  belouc^  to  llie  extr&ciires  Id  cow's  uiUk, 
and  -^j  ta  womati's  milk.  CAMKRKit  ami  8ni,i>NeR  ik'ierniiiiu  lUu  uitroKeu  in  the  filtrate 
fMit)  the  iKntktc-ncid  nrcclpilato  tiy  Kjr.i.nAni/siiieihnd,  aod  altoAcrordlagto  Uu7.<ci!it'ft 
nicihdd  (liyp»broniltv).  lu  this  wuy  Uicy  fuuad  11  inilligrammufi  nitrogen  as  urea,  etc. 
(nllrogcn  afCOtding  to  Hdfnkh).  in  lOO  ijrAiiiines  wninan't  mflk.  Of  tbe  rcmainfiig 
Dttro^eu  8^S  came  from  tUc  proieMs  nud  Ihi;  iL-traiuder  (rout  nlirogeuoua  extractives. 
In  cuw'a  milk  tbey  futind  IH  luilll^ninimea  uitiogcu  Bcconlliig  to  HtJFHBB,  ind  Kt 
of  tbe  remainder  l>elonged  lo  tlie  proieid  bodies. 

To  determine  the  cfmiti  and  albumins  separately  we  may  make  use  of 
tbe  method  first  auggestt'd  hy  Hoi-PE-Sr.YLEU  iirnl  Tot.matsciiefp,'  in  which 
the  casein  is  precipitated  by  magDesiiim  aiilpliate.  Accordiug  to  Nebelicv, 
the  milk  is  dilated  with  ita  own  volnme  of  a  Batnrated  magueainm-aulphits 
Bolutioii,  t1ien  satnratod  with  tho  salt  in  substance,  utid  tha  precipitate  th«a 
filtered  and  washed  with  a  saturated  inagnesium-sulphate  eolution.  The 
nitrngeii  is  determinvd  in  the  ])ruoipit:ii.H  liy  K.iKi.ri.vni,'s  tnei.lipd,  iind  tlie 
quantity  of  cafiein  determined  bv  niiiltiplying  the  result  by  H.'.i'i.  Tbe  quan- 
tity of  Inctalbnnitn  nuiy  1)0  cafculateif  :is  the  dilTerence  between  the  casein 
(-f  ^'liibulin]  and  the  total  proteids  fonud.  The  lactaUnnniu  mar  also  be 
precipitated  by  tannic  acid  from  the  iiltrate  containing  MgSO,  from  tbe 
casein  precipitate,  diluted  with  water,  and  the  nitrogen  determined  hj 
Kjeluahl's  method  and  the  result  multiplied  by  G.37. 

SoiiLOhSMANN*  siiggests  an  alum  solution,  which  precipitates  tho  casein, 
in  separating  tbe  casein  from  the  other  protetds.  The  proteid  can  be  prt- 
cipituted  from  the  filtrate  by  tannic  acid.  Tho  precipitate  ia  used  to  deter- 
mine tlie  nitrogen  by  K.n;t.r».\ni.".s  method. 

The  fat  is  gravimetricnlly  determined  by  thoroughly  extracting  tbe  dried 
milk  with  ether,  evajioratiug  the  ether  from  the  extract,  and  weighing  the 
residue.  The  fat  may  be  determined  by  aerometric  means  by  adding  atluli 
to  tlie  milk,  ahuking  with  etlier,  and  dotonuinijig  tho  specific  gravity  of  the 
fat  solution  by  meana  of  Soxiii-et's  anparntas.  Id  determining  the  amount 
of  fat  in  Ik  Urge  number  of  samples  tre  lactocrit  of  Dn  L.^val  may  bo  osed 
with  eaccess.  The  milk  is  first  mixed  with  an  eijual  rolnme  of  a  mixtare 
cf  glacial  acetic  and  concentrateil  Rulpbtiric  acid,  warmed  7-8  minatcs  on 
the  water-batli,  the  mixture  placed  in  graduated  tubes,  and  these  in  tlie 
centrifugal  machine  at  -|- 5{t'  V.  The  height  of  tho  layer  of  fat  gires  iU 
qnniitity.  The  nnniorous  and  very  exact  analyses  of  Nilson*  liare  shown 
that  v-ith  milks  containing  small  quantities  of  fat,  below  1.5;^,  tbe  older 
corrections  are  nnnorcHsiiry,  and  that  this  method  gives  excellent  resaltdif 
we  nso  lactic  acid  treated  with  o^  hydrochloric  acid  instead  cf  the  abore 
mixture  of  glacial  acetic  acid  and  anilphnricacid.  There  are  nameroas  other 
methods  for  determining  milk-fat,  among  them  Cioni.iER's  method,  whicli 
is  simple  and  exact  (WEiDti-L*). 

In  determming  tbe  milk-sugar  the  proteide  are  first  removed.     For  thii 

>  Zetucbr.  f.  Biologic.  Bdd.  88  and  36. 

•  Hopiw  Seyler,  Jted.-cbem.  Unleniuch.,  8.  373. 

•  Zeitscbr.  f.  pliysiol.  Chem..  Bd.  22. 

•  Nllann.  Mnly's  Jabreober.,  Bd.  31 ;  Gottlieb,  Haly'a  JiUiresber.,  B«t.  20  ;  Wdball. 
Lav'.lb-ircks.  akad.  Htindl.  o.  lldskr.  Stockholtn.  1808. 
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purjwse  we  jireoiiJitate  eillier  with  alcohol,  which  must  be  eTaporated  from 
the  tiltrate,  or  by  (Hinting  with  wat«r,  and  remoriDg  the  casein  by  the 
sfl'littou  of  a  little  aciJ,  and  the  lactalbuniin  by  coaj^ulation  at  boiling  heat. 
Tbe  au^ar  ia  determined  by  titration  with  Kkhunc's  or  KNAPt'*s  eolation 
(see  Chap.  X\).  The  principle  of  titration  is  tiie  same  as  for  the  titration 
of  sugar  ill  urine:  10  c.n.  of  Feiilikii's  solution  correajwiida  to  0.0076 
grtn.  milk-sngar;  10  c.c.  of  Knapp's  solatlon  corresponds  to  0.031  l-0.o:{in 
arm.  milk-sugiir,  when  the  saccharine  liquid  contains  about  i-1^  sugar. 
In  regard  to  tlie  ruW/M  o/Mrnnf/i  of  tlit- titration  we  must  refer  the  reader 
to  more  coniplew  works  and  to  Chaj'tcr  XV. 

Instewl  of  these  volumetric  detenniiiationB  other  methods  of  cetimationa, 
8uch  as  Allius's  metliod,  the  polariscope  method,  and  otliers,  may  be  nsed. 
In  calculating  thcanalysiHit  is  of  importance,  as  suggested  by  Ca-MKHKR  and 
SoLiiyKK,  in  determining  tbe  solids  that  tbe  milk-sngar  in  tbe  reeidue  ia 
anhydrons. 

The  quantilalire  composition  of  cow*s  milk  is  natnrally  very  variable. 
The  arerage  obtained  bj  Kuxeo  '  is  us  follows  in  lOOO  part«: 


» 


WkUr. 
871.7 


Solldf. 
12S.8 


Cwwln. 
80.3 


Alhuinln. 
S.8 


Fau. 

86.9 


Sli.S 


The  quantity  of  mineral  bodies  in  1000  parts  of  oow's  milk  is,  according 
to  the  analyses  of  SoLiiXKR,  as  followH:  K,0  1.7'J,  Xa,0  0.51,  CaO  l.Its. 
MgO  0.20,  P,()^  1.82  (after  correction  for  the  peendonnclein),  CI  O.ys  grms. 
BrsoE*  fonnd  0.0035  grm.  I'e.O,.  According  to  Soldner,  the  K,  Xa, 
nud  CI  are  found  in  tbe  same  quantities  in  whole  inilk  tts  in  milk-eerum. 
Of  ibe  total  phoephurio  acrid  nfl-.'iii^  and  of  the  lime  .'i:i-T2!(  is  not  in  solution. 
A  part  of  this  lime  Is  combined  with  the  casein;  the  remainder  is  fonnd 
nnited  with  the  pboBphoric  acid  as  a  mixture  of  dicalcinm  and  tricalcinni 
jthoBphate,  which  ia  kept  dissolved  or  enspendcd  by  the  casein.  Tlic  bsui-es 
are  in  excess  of  the  mineral  acids  in  the  milk-aerum.  The  excess  of  the  first 
is  combined  with  organic  acids,  wliich  correspond  to  X'.JS  p.  m.  citric  ucid 
(Soldnf.b). 

'Vh^gasrs  of  the  milk  consist  chieHj  of  CO, ,  Wsides  a  little  Nand  tracea 
of  O.  PflCuek'  fonnd  10  vols,  per  cent  CO,  and  0.6  vol.  per  cent  N, 
calculated  at  0°  C.  and  7(10  mm.  pressure. 

The  Tsriation  in  tbe  composition  of  oow'a  milk  depends  on  seTeral  cir- 
cumstances. 

The  oolOBtrum,  or  the  milk  which  is  secreted  before  calving  and  in  the 
first  few  days  after,  is  yellowish,  Konietimes  alkaline,  but  often  acid,  of 
higher  specific  gravity,  1. 046-1. OSO,  and  richer  in  solids  than  ordinary 
milk.  The  colostrum  contttins,  besides  fat-globtilea,  an  abundance  of  colos- 
trum-corpuscles— nncleated  granular  cells  0.005-0.0"25  mm.  in  diameter 

*  Cheoile  der  ineDscbHcLvti  Nnbrungs-  uod  Qenuunilttel,  8.  Aufl. 

*  Zeltiichr.  f.  Illologlc.  Bd.  10. 
»PflUffcr*i»  Arcb..  Bd.  3. 
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with  abundant  fat-grannlea  and  fat-globules.  The  fat  of  colostrDm  liaa  & 
Bomowliitt  higher  melting-point  and  is  poorer  in  volatile  fatty  acids  than  the 
fat  from  ordiaarj  milk  (Xil3on  ').  The  quantity  of  choleaterin  and  lecithin 
U  generally  greater.  The  most  aj>pareut  difference  between  it  and  ordinarr 
milk  is  that  colostrum  coagulatoe  on  heiiting  to  boiling  becaiiae  of  ilie 
abBolnie  and  relatively  greater  quantities  of  globulin  and  albumtu  it  oot- 
tains."  The  composition  of  colostrnni  is  very  Tariable.  K.6sxa  gires  u 
average  the  following  figorea  in  1000  parts: 

WaUsr.  BallilK.  CmmId.       AJbungia  iiad  aiobuUn.       F»t.  Sugkr.  Salu. 

748.7  d53.8  40.4  130.0  SCi.S  24.7  1S« 

The  constitution  of  milk  ig  changed  during  lactation,  and  it  becomes 
richer  in  caaeiu  but  poorer  in  fat  and  milk-sugar.  The  evening  milk  ii 
richer  in  fat  than  the  morning  ratlk  (Alex.  MCllbb  and  KisExsrrcK; 
XiLSON  and  others').  The  breed  of  the  animal  also  has  a  great  influence 
on  tlie  milk. 

The  iuflnence  food  exercises  npon  the  composition  of  milk  will  be  die- 
cnsaed  in  connection  with  the  chemistry  of  the  milk  secretion. 

lu  llie  follovriug  we  give  tlbP  average  compOBitiau  of  skuouicd  tuiik  uitl  cerUia 
nihiT  prcpiiratluiis  vif  milk: 

Water.  Pnitflits.       FaL  Kiiirar.  \jk\Uo  Add.  IMU. 

Sl(fmm(»l  milk 906  6  81  1          7.4  47.5  ....  7,4 

Hream 6.^5.I  88.1       SC7.5  85.3  ....  «.! 

BiiltLrintlk BU2.7  40.6         9.3  87.3  34  6.7 

Wht^y 8^2.4  8.5          2.3  47.0  3.8  C.5 

KiTMTtut  and  KKriiCKarc  obulni-tl,  as  nluvo  sIbIcl].  Iiy  the  alooliolir  nntt  lftctic-ftH<! 
fermvii  lilt  Ion  of  tliv  inilk>s.iipLr,  Die  flrst  from  ninr«'B  niilli  luttl  lli«  liial  from  cow's  mUh. 
L^rK<:  ijiiiiniuioiiuf  turbuD  (.liuxiilt;  arc  fuviuiil  ibtrcby.  uuj  besides  tlie  albiiiniiimi^  b<Hl{e6 
of  tiH'  milk  iii-e  punly  (rouvcrtc*!  inlit  allmnio-spH  bikI  |if>iktrtn«9,  which  iiicrcii»c  iLc  tli- 
ge.M ill i lily.  'I'liv  quaiiiity  of  Uctic  lurM  In  tlicst-  picparnUoua  may  \m  about  10-30  p.  ol 
Tlir  iiuiutiiiy  "f  iiU'i'liiil  vurifs  firmi  10  In  U.")  p.  iii. 

Kilk  of  ofitr  AnimKU  Goat'h  iiiirk  \\va  a  more  y<.-llowlsli  culnr  mil)  am)th<?r, 
more  »pi'clflc.  o<lnr  Uinn  cow'h  milk,  Tlie  ocinKulatidn  olXiiItK-d  \>y  odd  or  renoet  U 
more  aoliil  ttiul  i»  litirikr  ibtiit  tbut  fiitm  cuvu'm  tuTlk.  Sueki-  fa  milk  ts  BiiiiiUr  lo  guni'i 
milk,  but  h'lti  n  liii^licr  HnvviSc  L:ra*iiy  nod  coulains  a  greater  nmouDl  uf  solidn, 

MAitE'it  iiiltk  Ih  nikiiliiio  luiil  cumnliis  n  <.'m3telii  wliicli  I^  out  prvci  pi  titled  by  ackll  lu 
Itiiupi  or  8oliiL  in:iA:»eji.  but,  iike  Ibc  casein  from  woman's  milk,  in  line  fliikea.  Tlib 
(msciti  is  unly  incitiiplvlcly  pi'«ci|ii[ntt:!il  by  rrMinol,  uiid  it  is  vi-iy  BJmilitr  nI«o  In  oilier 
vespecl4  lo  Ihc  coscia  of  iiuniAo  tnilk-  Ac^oi'dlni;  to  Beil.*  ttie  c&stiu  from  mare's  adi] 
cuw's  milk  iH  Itic  HiiiiL',  011(1  tlic  liillcrGnt  bebavi'tir  nf  tbc  twii  VHrivlk-s  of  milk  \t  due  in 
dilTctreiit  iimiinnis  of  siili.q  ntid  Ida  dtfTrn-nt  relation  between  llie  cnftcin  amt  tbe  nlbti- 
inin.  Tbtt  milk  of  tlie  xm  U  cluiinetl  by  older  Aiitborilies  to  be  umilsr  to  human  mitk, 
biii  Sctti.(>t«iMANN  lltiiU  it  cooBldembly  poorer  tn  fat.  Iteindcer  milk  cl)nnicieiiz«« 
iUelf,  uccordiup  lo  Wkuksswolo,'  by  being  veiy  rich  In  fat,  144.6-1V7.S  p.  m..  ab<] 
coaein,  H0.fi-H3.9  p.  m. 

>  Nllaoii.  ].  c. 

■  6«e  SebeHen,  Ha1/i  J&brMber.,  Bd.  16,  and  TiemanD,  Z«iiacbr.  f.  physiol.  Cbem., 
B<l.  25. 

■  8m  KOul^.  1.  c.  p.  313.  and  Nllaon,  L  o. 
^Studien   Qber  die  Eiwel&utolle  (Ie«  Kumya  uod   K<>fira.     St.  Peteraburg.   11 

mtcker.) 

*  Scblonmaon.  ZellKbr.  f.  phrslQl.  Cheia..  Bd.  88  :  Werenakiold.  Malj't  Jahrtsber, 
Bd.S&. 
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I  The  milk  of  caknitora  tclie  I>Uch  nnA  cat)  are  AcId  In  miction  nnd  vn-y  rft:h  Iq 

solids.    The  coniposiiioD  of  the  milk  of  thesA  aDiuuIs  rarlos  very  much  with  tLc  com- 

I       positiuri  of  tbe  ftiott. 

I  To  lltiiHrflte  tbe  cviniiKxUinii  of  Itie  milk  of  other  Knima^s  Ibe  following  ligiir«9,  Ibe 

ooiiipilol'uu  of  K^MU,  niu  iilvvii.  As  llii;  milk,  of  encli  klud  of  miiiiuilt  iiiuy  liaro  « 
▼srinblo  conipii«iiioti,  Ihcw  ogiirvH  shoulJ  oitly  be  coust^lcrciJ  as  exnmples  of  the  com- 
poaltiou  Iff  iniik  uf  vsrioufe  klods.' 

NlTk  of  ttM  WACer.  Sollda. 

Dog 764.1  2i5.6 

L  Cat 816.8  1837 

^H  Goat 6W.1  ;80.9 

^H  Shui-p B^.O  195.0 

^B       Cow en.7     1^.8 

^H  Horet- dDD.e  004 

^H  Au »00.0  10O.0 

^H  Pig 828,7  ll}7.3 

^H  Eltipbaut 678.S  831.S 

^B  Dolpliln 486.7  S13.8 


PrMeliU. 
99.1 
80.8 
80.9 

8S.5 

I8.d 

21.0 

eo.9 

80.9 


Fat. 

Suxar. 

SftlU. 

M.7 

S1.9 

7.3 

88. 3 

40.1 

5.8 

SfrS 

^■5 

39.0 

0  6 

86J1 

10.9 

4^ 

7.1 

68.5 

HI 

18.0 

68.0 

3.0 

UA 

40.4 

lo.e 

195.7 

88.4 

6.S 

437.S 

■  »  ■* 

4.9 

Human  Milk. 


Woman's  milk  is  amphoteric  in  reaction.     According  to  CorriAXT  iU 

reaction  i«  relatirtjlj  more  alkaline  than  cow's  milk,  bat  has  nevertheless  a 

lower  a[)M)ate  reaction  for  alkalinitj  as  well  as  aciditj.    Courant  found  bft- 

tween  tlie  tenth  day  and  tlie  fonrteentli  month  after  confinement  practically 

constaut  rcenlte.    The  alkalinity^  as  well  as  the  acidity,  woa  a  little  lowi^r  than 

in  childbed.     100  c.c.  of  the  milk  bad  the  same  average  alkalinitr  aa  10.8 

N  X 

C.C.  -'  caastic  soda,  and  the  same  acidity  at  3.6  c.c.  r^  acid. 


The  relation- 
1, 


10      '  - 10 

ship  between  the  alkalinity  and  the  acidity  in  woman^s  milk  was  as  3 
and  in  cow's  milk  as  '^^.l  ;  1. 

Human  milk  also  contains  fewer  fnt-globules  than  cow's  milk,  bnt  they 
are  lai^er  in  size.  The  specific  gravity  of  wnnian*B  milk  varies  between 
1026  and  1036,  generally  between  I02fi  and  10.14.  The  specific  gravity  is 
highest  in  well-fed  and  lowest  in  poorly  fed  women. 

The  fat  of  woman's  milk  has  been  investigated  by  RfppEi,.  It  forms  a 
yellowish- white  mass,  similar  to  ordinary  bntter,  having  a  specific  gravity 
of  O.'JGft  at  +  15"  C.  It  melts  iit  34.0"  and  solidifles  at  20.2*=  C.  The 
following  fatty  acids  can  be  obtained  from  the  fat,  namely,  bntyric,  cajiroio, 
capric,  myrietic,  palmitic,  Rt-earic,  and  oleic  acids.  The  fat  from  woman^s 
milk  is,  according  to  Biti'EL  and  Laves,*  relatively  poor  in  volatile  fatty 
acids.  The  non-volatile  fatty  acids  consist  of  one  half  oleic  acid,  while 
among  tbe  solid  fatty  acids  niyristic  and  palmitic  acids  are  found  to  a 
greater  extent  than  stearic  acid. 

Tlie  essential  qnalitative  OifTerence  between  wonmn's  and  cow's  milk 
seems  to  lie  in  tlin  proteids  or  in   tbe  more  accurately  determined  casein. 


,  ■  IX-uila  in  rirK»ri]  to  itic  milk  of  (UlTi-rcul  aiiiraaU  mnjr  l>e  foimd  in  Pintclicr,  Z^u 

I      achr.  f.  pliTBinl.  C'iiem..  B'l.  S4. 
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MILK. 

A  Dumber  of  older  and  younger  iuvestigatora' claim  that  tfae  casein  from 
wonmn's  milk  lias  other  proportiea  tljiin  that  from  cow'a  milk.  The  osseritinl 
dilTareacea  are  the  following':  The  casein  from  woman's  milk  ii  pracipitaUd 
with  greater  dinictiltr  with  acidd  or  salLs;  it  doe^  not  coagnlate  regnlarly  iu 
the  milk  after  the  addition  of  renni>t;  it  nmy  lie  precipitated  by  goetric 
juicei  hnt  dtssolrea  completely  and  easily  in  an  excess  of  the  same;  the 
casein  precipitate  producoil  by  an  acid  is  more  caaily  soluble  in  an  excels  ol 
the  acid;  nud  lastly,  the  clot  formed  from  the  casein  of  woman's  milk  doei 
not  appear  in  aach  lurge  and  coAi^e  niAsaea  as  the  casein  from  row's  milk, 
bat  18  more  loode  nud  Hoccnlent.  This  laet-mcntioned  fact  la  of  great  im* 
porcjincc,  since  it.  explains  the  generally  admitted  easy  digestibility  of  the 
casein  from  woinau'ti  milk.  The  question  as  to  whether  the  abore-meo- 
tlonecl  differences  depend  on  a  decided  differencs  in  the  two  caseins  or  only 
oil  uii  iiriorjnal  relationship  between  the  casein  and  the  salts  in  the  two 
kiudfi  of  milk,  or  upon  othor  circumstances,  has  been  recently  invesU- 
guted.  According  to  Szuntaqu*  the  casein  from  haman  milk  does  not 
yield  any  pseudunucleiii  on  pepsin  digestion  and  hence  it  cannot  be  a 
nucieoalbnmin.  Wkodli^wski'  has  recently  arrived  at  the  same  rcsnltt, 
and  also  fonad  that  the  two  caseins  had  a  dilifereiit  composition.  He  foaod 
the  following  for  the  composition  of  casein  from  woman's  milk:  C  5'2.24, 
U  ;.3-3,  N  14.07,  PO.fiS,  S  1. 117,  0  a;i.ni;;f.  Woman's  milk  also  con tai as 
lactalbiimin,  besides  the  casein,  and  a  protein  stthritance*  rery  rich  iasolphiir 
(4.7^)  and  relatively  poor  in  carbon,  which  Wkoki.kwski  calls  o/wt/wi'w. 
The  statements  m  to  the  occurrence  of  albamosea  and  peptone  are  disputed 
&3  in  many  other  case;.  No  positive  proof  as  to  the  occnrronoe  of  albumosee 
and  peptone  iu  fresh  milk  has  been  giTen. 

Even  after  those  dilTerenceii  are  eliitiinaled  which  depend  on  the  imper- 
fect analytical  methods  employed,  the  quaiiiiiaiive  composition  of  ieoman*t 
milk  is  variable  to  such  a:i  extent  that  it  is  irapouible  to  giro  any 
average  results.  The  recent  analyses,  especially  thoee  made  on  a  large 
number  of  samples  by  Ffeifpeh,  Adriakce,  Camkrer  and  S&i.i>nbb,*  have 


>  Bee  Bledert.  I'otentiicliungeii  QtM-r  die  riiemiscliLti  Vnleniclileile  der  Monsebco*  nod 
Kubmllcki  (Staltgnrl,  1884);  LnDg£iiard.  Vircbow's  \rcli  ,  Bd.  05;  Jitnkris.  Sm<liea 
nber  ilii!  Eiwfi.S!ik&i-|)er  ilcr  FrniLeii-  iind  Kulimilcki.     Iiioug.-Diss.     Slnusburg,  1876. 

'  Mttly'9  JiibrcsbtT.,  Bd.  22.  8.  )68. 

*  ' '  Buliiilgt)  7MT  KvnnliiiiMu  des  Pniuenknicius  "  (Inaiijj.-Diss.,  Bern,  18M},  aud  "  Eio 
b«ucr  elw«Usarilger  BcRtnDcUhHI  der  Mllcli."  Atizcfg«r  dot  Akad.  d.  Wtaa.  iu  Krakati, 
1898. 

'Pfciffir,  Jaliib.  f.  EiDderl)«ilkiiDda.  Bd.  •id;  atso  Male's  Jftliresber.,  Bd.  18;  T. 
Ailriiiii(.-(_-iuiLl  J.  AdrisDce,  A  OHDicnt  R-purt  nf  tliBCIii'miicfil  Esninioadott,  «ii:..  Archive* 
of  r).-d[!ktrU'«.  1S97  .  Caiuerei  auJ  SOMuer.  Zcilschr.  f.  Diubgit-.  B<ld.  88  ami  86.  In  rr- 
gunl  U)  tliv  (!(miposili(>a  uf  wotnaii'K  milk  Dee  oIm  Itiel.  Mn]r't<  ■rtiltrc«ber  ,  Bd.  -1  ,  Clitic- 
tean,  ibid.,  Bd.  7  :  Meudes  de  L«oq.  ihi<l..  fill.  13  i  Oerl>vr,  BidL  toe.  CUiui.,  Tame  'i3: 
Tolnmtiwlicll.  Hf>ppe.8cyler"9  Mcd.-clit-m.  UnltTsucL..  S.  2T3, 
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positWel;  shown  that  voman's  milk  la  esBenlially  poorer  in  prf>teic1g  bak 
richer  in  sugar  than  cov's  milk.  The  r|tiantitj  of  proteid  varies  hetween 
10-20  p.  m.,  often  Hnioiintiug  to  only  15-17  p.  m.  or  less,  and  ia  dependent 
upon  the  length  of  lactation  (see  helow).  The  qnantitv  of  fat  also  varies 
congidcrftbly,  bat  ordinarily  amounts  to  30-40  p.  m.  The  qnaniity  of  ougar 
ghonld  not  be  below  50  p.  m.,  bnt  may  rise  to  even  80  p.  m.  We  may  consider 
abont  60  p,  in.  as  an  avemge,  hul  we  Rhoiild  bcjir  in  uiitx]  that  the  qnantity 
of  sngar  is  also  deivenilent  ujKtn  the  length  of  lactution^  as  it  increases  with 
duration.     The  quantity  of  mineral  bodies  varies  between  2  nnd  -1  p.  m. 

The  most  essential  dilterencea  between  woman's  and  cow's  milk  are  a^ 
follows,  from  a  qnantltative  etandpoiut:  As  compared  with  the  fjtiaiility  of 
alhiimin,  the  qnantity  of  casein  is  not  only  absolutely  but  also  relatively, 
smidler  in  -woman's  milk  Ibaci  in  cow's  milk,  while  tbe  latter  is  {raorer  in 
milk-sngar.  Tlunian  milk  is  richer  in  lecithin  anil  nucleoti.  Accordin;r  to 
WiTTHAACK  cow''s  milk  contains  O.AGG  ]>.  m.  iiucleon,  heilI  woman's  milk 
1.24  p.  ni.  SiEOfuiED  '  finds  that  the  nncleon  i>lio§pborn9  amounts  to  GO 
p.  Di.  of  the  total  pbosphorns  in  cow's  milk  ami  415  ji.  m.  in  wonian'ii  milk, 
and  alno  that  human  milk  contains  nearly  entirely  organic  combined  phos- 
phorus. Woman's  milk  ia  poorer  in  mineral  bodies,  egj>ecially  lime,  aod  it 
contains  only  one  siitli  of  the  quantity  of  lime  a^  compared  with  cow's  milk. 
Haman  milk  is  claimed  to  be  also  jioorer  in  citric  acid  (Scueibe'),  although 
this  is  not  an  essential  difTerenoe. 

In  regard  to  the  quantity  of  mineral  botHes  in  woman's  milk  the  analyses 
of  BuNuu  are  most  reliaUe.  He  »nalyzed  the  milk  of  a  woman,  fourteen 
daya  after  delivery,  whofte  diet  contained  Ter>-  little  common  adt  for  four 
days  previous  to  the  analysis  (A),  and  again  three  days  later  after  a  daily 
addition  of  3U  grms.  NaC'l  to  the  food  (B).  Bvkiji^  found  the  following 
figures  in  inoo  parts  of  tlie  milk: 

A  B 

K.0 0.780  0.703 

Na,0 D.38S  0.3fi7 

C«0 ftSSS  0.848 

MgO  0.064  O.OfU 

FcO, 0  004  0.006 

P.O. 0.478  0.469 

CI 0.488  0.445 

The  relationship  of  the  two  bodiee,  potasBium  and  sodiam,  to  each  other 
nay,  according  to  IIlngh,  vary  ccrieiderably  (1.3-4.1  equivalents  potash  to 
1  of  soda).  Dy  the  addition  of  salt  to  the  food  the  quantity  of  eodinm  and 
clilorine  in  the  milk  increases,  while  the  quantity  of  potassium  decreases. 
De  IjANoe*  found  more  Na  than  K  in  the  milk  at  the  beginning  of 
lactation. 

>  Wittiiiiuick.  Z«Hsciir.  f.  pliyslol.  Cltorii..  Bd.  33 :  Siegfried,  ibid..  Bd.  32. 

■Maly's  Jabrenlier.,  B<l.  31. 

■  Buose,  Zehicbr.  f.  Btologie.  Bd.  10  ;  De  Lnuge,  Midy'a  Jahresber.,  Bd.  27. 
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The  gases  of  woman's  milk  hava  been  investigated  by  Kulz.'  He  found 
1.07-1.44  c.c.  oxygen,  2.35-3.87  c.o.  carbon  dioxide,  and  3.37-3.81  c.c 
nitrogen  Id  100  c.c.  milk. 

The  proper  treatment  of  oov's  milk  by  dilating  wi^  water  and  bj 

certain  additious  in  order  to  reader  it  a  proper  snbstitnte  for  woman^s  milk 

'in  the  nourishment  of  babes  cannot  bo  determined  before  the  didereDcein 

the  albaminoae  bodies  of  these  two  kinds  of  milk  liaa  been  completelv 

Btniieti. 

Tbc  colostrum  has  a  higher  specific  grarity,  1.040-1.060,  &  greater 
qnantity  of  coagulable  proteids,  and  a  deeper  yellow  color  than  ordinary 
woman's  milk.  Kren  a  few  dava  after  deliyery  the  color  becomes  leai 
yellow,  the  quautity  of  albumin  leas,  and  the  number  of  colastram-corpawlei 
diminishes. 

We  have  the  oliler  arinlyseH  of  Ol,EMM*and  the  recent  tnvogtigationi  of 
pFEtPFKK,  V  ami  J.  AiJKi.iN[.-R,  CAMEK£i:  and  Sui.i>ner  on  the  changes  m 
tlie  compositioQ  of  milk  after  delivery.  It  follows,  as  a  nnanimoas  result 
from  these  investigations,  that  tbe  qnantity  of  proteid,  which  amounts  te 
more  the  first  two  days,  sometimes  amounting  to  more  than  30  p.  m.  at 
first,  rather  <|Qickly  and  then  more  gradually  diminishes  oa  long  aa  the  lacta- 
tion continues,  so  that  in  the  third  week  it  nniounls  to  about  11.^18  p.  m. 
Like  tlio  protein  substances  so  do  the  mineral  bodies  gradually  decrease. 
The  quantity  of  fat  shows  no  regular  or  constaut  Tariation  dnring  lactation, 
while  the  lactone,  especially  acconJiog  to  the  observations  of  V.  and 
J.  AitiuAN'CR  (lt>Oa)ialy.sefi'|,  increases  rather  quickly  tlie  lirst  days  and  then 
only  slowly  until  the  end  of  lactation.  The  analyses  of  Pfeipper,  Cavekee 
and  ScVliineii  also  show  an  increase  in  the  quantity  of  milk-sngar. 

Tlie  tWQ  tKHiiiinan-  plnuds  uf  llio  v&iav  woman  mtiy  yield  eomi-wbat  ilifTrrt-iil  tnllk, 
■s  sliowii  liy  t>i>DTti>AT  iiitfl  IbUt  Uy  Hkunskk,'  Likewiw  the  dlffeiein  |>oriiriDS  of  toilk 
from  iIk!  (uimu  milking  may  Lut'c  rarying  cotiipodiiozi.  Tlie  Qni  pon)i)i>»  nrv  nitrtyt 
poonr  III  fill. 

Ac'conlitig  10  L'HtBiTiSR.  Vshkotb  nad  BEcqURitBt,  the  milk  of  blonds  cotilaliu 
lou  cnsein  llinn  llml  or  lirunettcs,  ft  (litFereii(.-e  wlik-li  TotMATnCRRFF*  coiiltl  nol  sob- 
slaiitiiiip.  Woinrti  of  deltcHW  coDaTliiitinim  yield  ■  milk  riclier  in  •ollds.  e«[)ecially  ia 
CaM.-lH.  Ilitiii  wnravu  Willi  slroDg  coQBtilutious  (V.  And  D.). 

A<*c-)>r'ilitiK  '<-■  Vbknois  luiii  BEtN^risRM.,  ilic  n^c  of  ihe  wuiiiaii  Iiim  an  effect  on  U* 
coin[io»itl  'II  uf  lltc  milk,  ao  lltnt  we  llod  a  grentcr  minntityof  protddtBDd  fat  la  women 
IJJ'SUyraM  olil,  niitl  ii  smiillcT  i|iiitniilr  of  sujmr.  TIil'  Kiiiallest  qaantlty  of  proteidsand 
the  greateal  qimutlty  of  Bupir  are  found  st  00  or  from  3{i-30  yeari  of  ng".  AreonUu  to 
V.  and  H.,  tliu  milk  wilb  tliu  ftrsl-biirri  Is  rit^bcr  lu  wntcr — wUU  a  proporliounte  dtimou- 
tloa  of  CA8«In,  nii^r.  niid  fnl — lliin  after  3«renil  fk-livi^rlea. 

TliQ  Intltu'iii-p  i>f  tnt:r»s1riiuliuu  M'vtii^  to  vli^tilly  dlnilulab  Uie  Dlilk-augnr  aad  to  coo- 
sidcrably  Incn-ftS'  rlie  fat  fiod  rosfln  (V.  ami  K.). 

'  Zcitwlir.  f.  Blologle.  Bd.  83. 

•  Seo  Honpc-9ey]er.  PliyBiol.  Clieni..  9.  73^. 

*  Sourdat,  Compt.  reod..  Tmne  71  ;  Bruiiner,  PUngcr'ft  Arch.,  Bd.  7. 
*rHi:riUer,  cIUh)  frtim  IIijp|)e-Heyl«r.   Phytiol.   Clieu).,   S.   738;  VentoiB  and  Bre- 

quenl.  Du  IrU  chw  1ft  femme  liims  Vflal  ilc  sant6,  clc.  (Pnris,  ISSS);  Tolmnl»cli«fl. 
Boppfi-Seyler,  Med..clieo).  Unlenucli..  S.  272. 
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ASn  OF  MILK  A2iD  AA'IMALS. 


Witah'i  milk  is  ihe  secretion  of  llie  innmroary  gltiiids  of  oew-boro  chlldrea  of  boUi 
HXM  iiiirnrdiHldy  »fl«r  Mrtb.  TIum  Accretlnii  hnti  from  ■  qiinlitnlito  siAiiclfwinl  llu;  ttmiia 
coutititulitiLi  an  milk,  tul  may  etiow  inifwilaut  d tlI<.T«.'nc«s  aii<I  v(irJ:iHi'R<i  fiom  u  i(Uftiili- 
Iftlivu  point  uf  view.  8cnLut>auKm>Kii  iitid  Hxirv.  Guiilkii  Htnl  Qiievknkk  niitl  v.  Uen- 
eEK' Lave  made  aiidv-Ms  of  tLUniilk  ittid  give  the  following  tt»iilti:  10.5-38  p.  m.  pro- 
tdils,  8.2-14.0  p.  m.  fat,  «d<I  9-60  p.  lu.  sugar. 

As  milk  is  the  on!^  fomi  of  DourisliiueQC  diiriug  a  certain  period  of  the 
life  of  man  and  maninialt!,  it  mast  cmitaiii  all  the  nutritious  bodies  ncccKsarj 
for  life.  This  fact  is  showi]  by  the  railk-containing  representatives  of  the 
three  chief  groups  of  organic  natritiro  substances,  proteide,  carbohydrates, 
and  fat;  and  all  milk  seems  to  contftin  withont  doubt  also  some  lecithin  and 
nocleoo.  The  mineral  bodies  in  milk  moat  also  occur  iti  proper  proportions^ 
and  on  this  point  tlie  exjwrimeuts  of  15cnge  ou  dogs  are  of  special  interest. 
He  found  that  the  mineral  bodies  of  the  milk  occur  in  about  the  same 
relative  proportion  an  tliey  do  in  the  body  of  the  sucking  animal.  Bi'xni:* 
foond  in  1000  parts  of  the  ash  the  following  resnlts  (A  represents  reenltt 
from  the  new-born  dog,  and  B  the  milk  from  the  bitch): 

A  B 


E.O.. 
Vu.O. 
CaO.. 
HgO.. 

P.O... 

CI.... 


1U.S 

14S.8 

106.4 

e».o 

SfiS.3 

272.4 

18.8 

1S.4 

7.3 

i.a 

8848 

S<2.3 

9a.  9 

169  0 

I  BrKHB  explnitis  the  fact  that  the  milk-ash  is  richer  in  potaah  and  poorer 
I  in  aoda  than  the  new-born  animal  by  saying  that  in  the  growing  animal  the 
ash  of  the  muscles  rich  in  potash  relatively  increases  and  the  cartilage  rich 
in  sodit  relatively  deereaaca.  In  regard  to  the  amount  of  iron  we  find  an 
unexpected  condition,  the  ash  of  the  new-horn  animal  contjiiniiig  six  times 
as  much  as  the  milk-ash.  This  condition  Bukoe  explains  by  the  fact 
foutided  ou  his  am!  ZALF.ftK\'g  cxpcrinieuts,  that  the  quantity  of  iron  in 
the  entire  organism  is  highest  at  birth.  Kven  at  its  birth,  therefore,  the 
new-born  animal  has  a  supply  of  iron  for  the  growth  of  its  organs.  AmiL-jt- 
uai-hek's'  recent  resenrnhcs  show  in  a  very  striking  manner  the  corre- 
spondence of  the  ash  of  the  sucking  animal  (rabbit)  to  the  corresponding 
uillk.  He  has  also  further  given  very  interesting  proof  as  to  the  relationship 
of  tliu  rapidity  of  growth  of  tlie  uuinial  to  the  <[uanlitY  of  {iroteids,  lime, 
aud  phosphoric  acid  in  the  milk. 

The  (|uantity  of  mineral  bodies  in  the  milk,  and  especially  the  qnantitj 
of   lime  and  phosphoric  acid,   us  shown   by   Bi'X(.E   and  rnogcneit  and 

>  SehloMbcrger  and  Houff.  Auiiid.  tl.  Cbcin,  u,  Pbarra..  Bd.  S6 ;  Uubler  aod  Que* 
T«ioe,  died  from  tloppf-Si-ylvr's  Pbysiol.  Cljem..  S  728  ■,  v.  Ginicr,  ibid. 

*  Zeiiaclir.  f .  pbytiol.  L'Ih-di  ,  li*\.  13.  S.  399.  Tbc  mccut  luTCGilgntLoua  of  Dv  Lange 
(1.  c.>Dii  ibe  qiinnifiy  of  ii»li  in  human  mflk  aud  uew-bitrD  cbHd  ibow  that  In  bumno 
beings  tbr  onodiiiuus  are  diflemil  lUaii  in  doga, 

*  Zcfiaclir  r.  pbyiiot.  Cbem.,  Bd.  3C. 
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pAr.f:^,'  stand  io  dose  relatioDBhip  to  the  rapiiJitv  of  growtli,  becstue  tlio 
qiiantltj  of  these  niiiiera]  conslituetita  in  the  milk  is  greater  in  aninuUa 
which  grow  and  develop  qni«kly  than  in  those  which  grow  only  slowly, 
According  to  Pkosciekr  a  similar  relationship  exists  between  the  qoaotitf 
of  proteids  and  rapidity  of  growth. 

Ttie  irtjiuence  of  {he  f 00:1  on  the  compoaitiou  of  the  milk  is  of  int<r«t 
from  many  poiuta  of  view  and  has  been  the  subject  of  many  investigatioiiL 
From  these  investigations  we  learn  that  in  human  Wings  as  well  as  io 
aniuLiils  an  insuHtcient  diet  decreaseB  the  qnantity  of  milk  and  the  qnanUtT 
of  soHda  while  abundant  food  increases  both.  From  the  obeerratioDS 
of  Decaisne'  on  noraing  women  during  the  siege  of  Paris  in  1871,  the 
qnantity  of  casein,  Sal,  fliigar,  and  m]i»,  btit  especially  the  fat,  was  foand 
to  decreiise  with  iiisfillicient  foofl,  while  the  qnantity  of  lactalbnmio  was 
found  to  be  somewhat  increased.  Food  rich  in  proteids  IncreaseA  the 
quantity  of  milk,  and  also  the  solith  contained,  especially  the  fat.  The 
quantity  of  sugar  in  woman's  milk  is  fonnd  by  certain  investtgatora  to  be 
increased  after  food  rich  in  proteids,  while  others  claim  it  is  diminished. 
Food  rich  in  fat  may,  iis  tlie  recent  researches  of  Soxulet'  hare  sliowti, 
canse  a  markeil  increase  in  the  fat  of  the  milk  when  the  f:it  partaken  is  in  a 
readily  digestible  and  assimilable  form.  The  presence  of  large  quantities  of 
carbohydrates  in  the  food  eccma  to  cause  no  constant,  direct  action  on  the 
qtiaiitily  of  the  milk-eonstituenta/  In  carnirora,  aa  shown  by  SerBOTii*,* 
the  secretion  of  milk-sugar  prooeei^s  tiniiiterruptetlly  nn  a  diet  consisting 
exclnsively  of  lean  meat.  Watery  food  gives  a  milk  containing  an  excen  M 
water  and  having  little  value.  In  the  milk  from  cows  which  were  fed  on 
distillers'  grain  Commaille'  found  9O0.5  p.  m.  water,  26.4  p.  m.  caaein, 
4.3  p.  m.  albumin,  IS. 2  p.  m.  fat,  and  33.8  p.  m.  sugar.  Sach  milk  has 
eoDietimes  a  peculiar  sharp  after-taate.' 

ChnnisSry  of  MUk-aecretuin.  That  the  actually  dissolfod  constit- 
nents  occurring  in  milk  pass  into  the  secretion  not  alone  by  filtration  or 
difTuaion^  but  moi-e  likely  are  secreted  by  a  specific  secretory  actiTity  of  the 

■PrOsclici.  Z«kscljr.   f.  pliyslol.  Chcm.,  Sd.  U\   Pagte.  Arch,   da   PhjnloL   (9, 

Tome  7. 

<  Cited  frotn  IIi.piw-SeykT.  I.  c,  r    "3SI- 

*  Sec  Mttly'a  Jiihicstjcr.,  Bd.  26. 

*  In  reganl  10  ibe  literature  od  the  nrlinn  of  vnHniis  foodi  on  woman's  mltk  MB 
Zalesky,  "  Ueber  dio  Slawtrlcuog  dor  Nnltrung  nuf  die  Zasammeaselsuag  nod  Kabr^ 
liHfllgkelt  der  Frnuenmibli,"  Iterliii.  kiiii.  WocbenscLr, .  1SS8.  whtch  alio  coDtrntos  ihe 
Ihoniturie  OD  ibv  iuiporlnuce  of  tlie  fuod  on  tbe  compoHitbu  of  otber  kiuds  of  milk. 
In  ro^rd  Io  ibc  exteu&lve  llteniturfi  uu  tlic  fnllucucc  of  various  foods  on  Ibe  milk  pro- 
diicUuD  uf  aoimala,  so:*  KOnig,  Cbem.  d.  meoBcbl.  Naliruogs- uad  Oeauasmlltel,  8.  Aul^ 
B«l.  1.  S.  308. 

*  CciitralM.  f.  d.  med.  Wiueiiscli.,  1806,  S.  887. 

*  CfiL-d  from  KOnig,  Bd.  2,  8.  235. 
1  See  Bvck.  Mal>'a  Jabresber.,  Bd.  25,  8.  SSS. 
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glaodnlar  elemcabB,  is  shown  by  the  fact  that  milk-sagar,  vh!cb  is  not  found 
in  the  bloody  ia  to  iill  appoarancM  formed  in  the  glands  theiueelTos.  A 
farther  proof  lies  iu  the  fact  that  the  lactulbiimiu  id  uot  ideuticul  with 
serelbninin;  and  lastly,  aa  BrxOB'  hay  shown,  the  mineral  bodies  secreted 
by  the  millc  are  in  quite  different  proportions  from  those  in  the  blood- 
lerani. 

Little  is  known  in  regard  to  the  formation  and  eocretion  of  the  Epecifio 
eonstituonta  of  milk.  The  older  theory,  that  the  casein  was  produced  from 
tho  lactalhnmin  by  the  action  of  au  enzyme,  is  incorrect  and  originated 
protinbly  from  tnistakiiig  an  alkali-albnmtQate  for  casein.  Better  fonnded 
ii  the  Ktutement  that  tho  oaMin  originates  from  the  protoplat^m  of  the 
gland-cells,  which  geem  to  consist  of  casein  or  a  anbstance  related  to  it. 
The  prcTionaly  mentioned  (pago  385)  nucleoprotoid  of  the  gland-cells 
appears  to  be  related  to  casein,  and  it  may  post^ibly  form  \\.»  mother-atib- 
etance.  There  does  not  seem  to  be  any  doubt  that  the  protoplasm  of  the 
coUh  takes  part  in  the  secretion  in  nuch  :i  manner  ilmt  it  becomes  it«elf  a 
ooiitititnent  of  the  secretion,  and  this  also  agrees  with  IlKiDKXiiAiK'f^*  vir-ws. 
According  to  Basdi's'  researches  the  casein  is  formeil  In  the  mummaiy 
gland  by  the  tincleic  actd  of  the  naclens  ^et  free,  nnitiog  intra-atveolar  with 
the  transcidated  eernm,  forming  a  nncleoalbnmin,  the  casein;  but  strong 
objections  can  be  presented  against  snch  a  view. 

Tliat  the  milk-fat  is  prodnced  by  a  formation  of  fat  Jn  the  protoplasm, 
and  that  the  fat-gloUtiles  lire  8t>t  free  by  their  destruction,  is  a  generally 
admitted  opinion,  which,  howerer,  does  not  exclude  the  possibility  that  the 
fat  is  in  part  taken  np  by  the  glands  from  the  blood  and  elinunated  with 
its  secretion.  That  the  fats  of  tfio  food  can  pass  into  the  milk  follows  from 
the  investigations  of  Wintkrvitz,*  as  he  hua  been  able  to  detect  the  iiaesage 
of  iodized  fata  in  the  milk.  The  observations  of  Hpampaxi  and  Datidt*  of 
the  passage  of  sesame-oil  into  the  milk  also  prore  this  fact.  A  formation 
of  fat  from  carbohydrates  in  the  animal  organism  is  at  the  present  day  con- 
sidered as  positively  proved,  and  it  is  likewise  jtossible  that  the  milk -glands 
also  prodnce  fate  from  tho  carbohydrates  brought  to  them  by  tho  blood.  It 
is  a  well-known  fact  that  an  animal  gives  off  for  a  long  time,  daily,  consider- 
ably more  fat  in  the  milk  than  it  receives  as  food,  and  this  proves  that  at  least 
a  part  of  the  fat  secreted  by  the  milk  is  prodoced  from  proteids  or  carbo- 
hydrates, or  perhaps  from  both.  The  question  as  to  how  far  this  fat  is 
produced  directly  in  the  milk-glande,  or  from  other  organs  and  tismiea,  and 
brought  to  the  gland  by  means  of  the  blood,  cannot  be  decided. 

The  origin  of  milk-sugar  is  not  known.      UCntz  calls  attention  to 

■  Lehrbiich  d.  physlol.  wnA  putliol.  Cliein.,  8.  Anfl.,  6.  98. 

■  HcrtiifttiirH  HiiiKllmrli.  Bd.  &.  Abild.  1.  S.  S80. 
1  Jfthrbuch  f.  E<t>der1)«l1k<itK)c.  1896. 

*  Zcltwrbr.  f.  iihysiul.  Clicm.,  Bd.  34. 

*  See  Mslr'8  jBbmbcr..  Bd.  S6,  B.  2»8. 
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the  fact  that  a  nambcr  of  very  iridelj  difTnaed  bodies  ia  the  TegetAbI« 
kingi]oiii — Tegetuble  ninc'ilage,  guiiis,  pectin  bodies — yield  galactose  u 
prodacta  of  deconipoeition,  and  he  believes,  therefore,  that  milk-Eagsr 
may  be  fonned  iu  lierbivora  by  a  synthesis  from  dextrose  and  galactose. 
This  origin  of  milk-siigur  does  not  apply  to  cnrnirora,  as  they  prodDC« 
milk-sugar  when  fed  on  food  consisting  entirely  of  lean  meat.  The  obeer- 
Tatioas  of  Bert  and  TuiERFELiiBtL' that  a  mother-substance  of  the  niilV- 
sngnr,  a  sitecharogen,  occura  in  tlie  glimtls  cannot  gire  farther  explanation  u 
to  the  furinatioii  of  milk-sngar,  oa  ttie  nature  of  this  mother-snbstance  is  ttiU 
unknown.  The  qnestion  whether  the  ahove-mentioned  (page  385)  proteiil, 
which  yields  a  reducing  substance  when  boiled  with  dilate  acids,  ha^  ani- 
thing  to  do  with  the  formation  of  milk-sugar  cannot  be  answered  ontil 
farther  and  more  thorough  inrcstigotions  haro  been  made  of  thia  subject. 

The  pitssage  of  foreign  substances  into  the  milk  stands  in  cloee  connec- 
tion with  the  cheinical  processes  of  milk-secretion. 

It  is  a  well-knowu  fact  tliat  milk  acquires  a  foreign  taste  from  the  food 
of  the  animul,  which  is  in  itself  a  proof  that  foreign  bodies  paaa  into  tlie 
milk.  This  fact  becomes  of  special  importance  ia  reference  to  such  injnriona 
subtitanoes  as  may  he  introduced  into  the  organism  of  the  nnrsing  child  br 
moans  of  the  milk. 

Among  these  substances  may  be  mentioned  opiam  and  morphine,  which 
after  large  doses  pass  into  the  milk  and  act  on  the  child.  Alcohol  may  also 
pass  into  tlio  milk,  but  probably  not  in  such  qunntitiea  as  lu  have  anv  direct 
action  on  the  nursing  child.*  Alcohol  is  claimed  to  have  been  detected  in 
the  luilk  after  feeding  cows  with  brewer*s  grains. 

Among  inorganic  bodies,  iodine,  arBenic,  bismath,  antimony,  ziac,  lead, 
mercury,  and  iron  hare  been  found  in  milk.  In  icterus  neither  faile-aoide 
nor  bile-pigments  pass  into  the  milk. 

Vnilcr  [liM.'ik-se(L  cnudltious  no  onnstnnt  cliiiiigt:  liu*  bi-cu  foiind  fu  woman's  milk.  Id 
liolnicd  cases  ScirLoMHimuuEit.  Joly  nud  Piluol  *  have  olMcrTad  JDder<l  h  DiiTkeOlj  %\^ 
uuruml  coiupo«It((i:i,  but  no  posiiivc  coiicUiAiou  cau  be  derlv«^  tLcivfiuui. 

TUtf  L-liitn^^t-a  ill  t!ow's  uiilk  in  dineiiiiv  linvo  buvii  liitln  Btudk-d.  In  tiiliemilrMlsof  ibe 
udder  Stokck*  found  lubemile  hiicilli  hi  the  milk.  hdiI  he  also  fouod  that  ihe  uiiik  b«- 
camn  inorir  ntid  uiDre  diliitttl,  durinj;  llic  disvit^f.  witli  a.  BL'n>ua  lii|ui<l  »iinil«r  (o  lilond- 
ecniiu,  H  >  thiit  tlu'  glnndii  linully,  iiislcad  or  yielding  inllk,  gKvc  only  l>lt>o<I'«ettim  otS 
aerouH  Uuid.  Ilr^^ox '  f'>iiud  tlinl  milk  from  iniirrulQ  i-avf  ronl&inci]  morv  protcUi 
but  coiisiilr>rnl)ly  k'^'*  fiU  ami  (ih    overo  rn-xest  \vsa  ^npir  limn  normnl  milk. 

Tbu  milk  may  be  blue  or  rctl  In  udor,  due  lo  ibe  Jov.-K>pineiit  of  mioro-or^nisnia 

The  fdnniillnii  of  roncrenienU  in  \\\t>.  cxit-fiaflsageHof  the  row's  uildcr  U  often  ol^ 
•erred.  Tticy  coimfst  cbl<-fly  of  oulcliuii  cnrbormtc,  or  of  curbooatc  and  pbOApliatc  wiltt 
only  a  siiiaII  uDiotint  of  nrgiujic  subHlanr*'^ 

'  Mitutz.  CuinL>l.  reud..  Tonic  1<J3  :  Bert  aoil  Tbtorfclder,  foot-notcal  and  2,  page  886, 

*  8fe  KlInRcmunn,  Vircliow'a  Arcb..  Bd.  188. 

*  t5cblo8aber>;er.  Annul,  d.  Cbeni.  u.  Pharm.,  I)d.  Iffi :  Joly  and  FItbol,  dted  fram 
Gurup-BMancj--,  I,i!hrb.,  4.  Anfl..  S.  488. 

*  See  Uiuig,  Urn  TiilierkuIo«ie  i  Eoeos  Yrer  og  oiu  tuberkulOs  MAlk.  Xorrl.  med.  Ai- 
klv,  U(l.  10,  and  alio  Mnly's  Jnlirevber.,  Bd.  14.  i>.  170  ;  Slorcb,  Midy't  Jabreftber..  Ud.li 

*  Compt.  read.,  Tooie  73. 
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Ubike  JB  the  must  important  excretion  of  the  animal  organism ;  it  is  the 
means  of  eliminating  the  tiitrogeiious  metabolic  products,  also  the  water  and 
the  soluble  mineral  ptibBtanceo;  and  iu  many  caaes  it  fiirniBlies  important  data 
relative  to  the  metabolism,  qaantitatiTely  br  its  variation,  and  qiialitatiTdly 
by  the  appearance  of  foreign  bodies  in  the  excretion.  Moreover  in  many 
cases  we  are  able  from  the  chemical  or  morphological  constitnentH  which  the 
nrine  ah«tracta  from  the  kidneyfl^  nreters,  bladder,  and  nrethra  to  judge  of 
the  condition  of  these  organs;  aud  lastly,  itrinary  analysis  affords  an  excel- 
lent means  of  deciding  the  qnestion  how  rertain  medicines  or  other  foreign 
substances  introduced  into  the  organism  are  absorbed  and  chomicnlty 
changed.  In  this  respect  especially  nrfnary  analysis  has  furnished  very 
important  [tarticutara  in  regard  to  tlie  nature  of  the  chemical  processes 
taking  place  ivltliin  the  organism,  and  it  is  therefore  not  only  an  important 
aid  in  diagnosis  to  the  physician,  bat  it  is  also  of  the  greatest  imjiortance 
to  the  toxicologist  and  the  physiological  chemist. 

In  stadying  the  secretions  and  excretions  the  relationship  must  be  songht 
between  the  chemical  strnctiire  of  the  secreting  organ  and  the  chemicjil 
composition  of  its  secreted  prodncU.  Investigations  with  respect  to  the 
kidneys  and  the  urine  Imve  led  to  very  few  results  from  this  standpoint. 
Although  the  nnatomical  relation  of  the  kidneys  has  been  carefully  stndied, 
their  chemical  comjwsition  has  not  been  the  auhject  of  thorongh  analytical 
research.  In  caaes  in  which  a  chemical  investigation  of  the  kidneys  has 
been  nndertuken,  it  haa  only  been  in  general  of  the  organ  as  such,  and  not 
of  the  different  anatomical  parts.  An  enumeration  of  the  chemical  con- 
sUtnenta  of  the  kidneys  known  at  the  present  time  can,  therefore,  have  only 
a  secondary  value. 

In  the  kidneys  we  find  albnminouB  bodies  of  different  kinds.  According 
to  ilALUBuftTOK  the  kidneys  do  not  contain  any  albiiuiin,  but  only  a 
globulin  aud  a  nuchoproUid,  The  globulin  coagulates  at  about  53"  C,  and 
the  nucleoproteid  contains  0.37jt  phoaiihoms.  According  to  L.  Liebeh- 
UANN  the  kidneys  contain  a  kciihalbuvUn,  and  he  ascribes  to  this  body  a 
ipecial  importance  in  the  secretion  of  acid  urines.  The  kidneys  also 
contain,  according  to  Loxnbebo,  a  mucin-Uke  subitanve.     Tim  subetance 
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yields  a  redncmg  bod;  on  boiling  with  acids  asd  belongs  chiefly  to  the 

papUliu,  and  ie,  according  to  Lonnbkug,  a  nnciooalbumin  (nQcleoproteid  )*). 

The  corlicEil  sabstance  is  richer  in  uaolher  nuoleoalbamin  (nnoleoproteid) 

nnlike   mucin.     It  has  not  been  decided  what  relntionaliip  this  last  snb- 

atanoe  bears  to  HALuituuixiN's  nucleoproteid.     According  to  Morser' 

chondroUin  sulphuric  acid  occurs  as  traces. 

Fat  occnrs  only  in  very  amiiU  amotinta  in  the  colla  of  the   tortuous 

nrinary  passages.     Among  the  extractiTe  bodies  of  the  kidneys  wo  find 

xanihin  bodies,  also  urea,  unc  acid  {iTvucm),  glycogen,  leucin,  inosH,  taurin, 

and  cystin  (in  ox-kidneys).     The  qaantitntive  analyses  of  the  kidneys  tbtia 

far  made  posaeaa  little  interest.     Oidtmakn*  found  810.94  p.  m.  water, 

170. IG  p.  m.  organic  and  0.09  p.  m.  inorgauic  snbstaoce  in  the  kidney  (tf 

au  old  woman. 

Tlie  tliifd  collected  under  pathologlcnl  conditions,  as  in  bydronephrosU.  U  tbln  wltb 
a  siiriabio  but  jjfpiiTally  low  ^pet-ilic  >;nivity.  Csunlly  il  iastniwyollow  or  paler  in  color. 
and  immctlmc^  colcirk'SH.  Moat  freqiienlljr  it  is  clear,  or  nnly  faintly  cloudy  from  white 
bliMiIourpuscicfl  aud  opllbcUuDi-celU:  Id  &  few  cases  It  Uao  ricb  la  form-eleinvnlitbAt 
It  app^ur^  Itkcpiin.  Proceid  occurs geurmlly,  jn  sniaUariioiinla:  o^M^asionally  ft  lieoiirely 
abflcai,  but  In  n  few  raro  oiflOH  tlic  umoiint  Sa  nearly  as  large  aa  lo  lliv  blood<Hruin. 
Urea  occurs  Hometimes  in  coiialrlcrable  ntnouiitn  wLeu  I  tic  pnrenoliynin  of  tbc  kidoeyali 
only  In  part  airoptiicil ;  in  complete  atropby  tbo  urea  may  be  CDlirely  absent. 

I.  Physical  Properties  of  tTrine. 

Consistency,  Transparency,  Odor,  and  Taste  of  tirine.  Under  phjsio- 
loginal  conditions  nrine  is  a  thin  liquid  and  gires,  when  shaken  with  air,  a. 
froth  wliicli  quickly  subeides.  Uumun  uriac  or  urine  from  camivora,  which 
is  habittially  acid,  appears  clear  and  transparent,  often  faintly  Bnorescent, 
immediutely  after  voiding.  When  allowed  to  stand  for  a  little  while  faamaQ 
aritid  shows  a  light  cloud  {nubecula)  which  cousiBts  of  the  flo*called 
"  mnciis  *'  and  generally  also  contains  a  few  epithelium-cells,  Diucos-corpna- 
cles,  nud  urate- gran oles.  The  presence  of  a  larger  quantity  of  urstas 
renders  the  nrine  cloudy,  aud  a  clay-yellow,  yellowish>brown,  rose-colored. 
or  often  brick-red  precipitate  {sedimenfnm  htieritium)  eettlcs  on  cooling, 
becttUBO  of  the  greater  insolubility  of  tlie  urates  at  the  ordinary  temi>ersture 
than  at  the  temperature  of  the  body.  This  cloudiness  disappears  on  gently 
warming.  In  oew-born  infants  the  cloudiuess  of  the  urine  during  the  fint 
\~ti  days  is  due  to  epichclium,  mucus-corpuscles,  urio  acid,  aud  urates. 
The  urine  of  berbirora,  whicli  is  habitually  neutral  oralkalioe  id  reaction, 
is  very  cloudy  on  account  of  the  carbonates  of  the  alkaline  earths  present. 
Iluinau  urine  may  sometimes  be  alkaline  under  physiological  conditions. 
In  this  case  it  is  made  clondy  by  the  earthy  phosphates,  and  this  cloDdioea 

'  nallibunon.  Joum.  of  Physiol.,  Vol.  IS,  9npp5.,  and  Vol.  18;  Lkbeniuuui, 
PQQger'B  Arch..  Bdd.  50  and  'A  ;  LOunberg,  see  Unly's  Jabreabci.,  Bd.  20 :  MOmra, 
Bkaod.  Arch.  f.  Fhytlol..  Bd.  S. 

*  Cilod  from  r.  Qorup.B«aaDcz,  Lelirbuch,  4.  AuQ..  8.  733. 
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doei  not  disappear  on  warming,  differing  in  this  respect  from  the  srnilmm- 
tum  iaferiiium.  Urine  hos  a  salty  and  faintly  bitter  taste  produced  by 
Bodinm  chloride  and  orea.  Tht*  odor  of  urine  is  peculiarly  aromatic;  the 
bodies  vhich  produce  this  odor  are  unknown. 

The  color  of  urine  is  nomiully  pttle  yellow  when  the  specific  grarity  is 
1.020.  The  color  otherwise  depends  on  the  concentnaion  of  tlie  urine  and 
Taric*  from  pale  straw-yellow,  when  the  urine  contains  smalt  amounts  of 
solids,  to  a  dark  reddish  yellow  or  reddish  brown  in  stronger  concentration. 
As  a  rule  the  intensity  of  the  color  corresponds  to  tlie  concentration,  but 
under  pathological  conditioue  exceptions  occnr,  and  such  an  exception  is- 
found  in  diabetic  urine,  which  contains  a  large  amount  of  aolids  and  has  a 
high  specific  gravity  and  a  pale  yellow  color. 

The  reaction  of  nrine  depends  eseentinlly  npon  the  compoflition  of  the 
food.  The  camivora  roid  an  acid,  the  berbivom,  aa  a  rule,  a  nentral  or 
alkaline,  urine.  If  a  carnivora  is  put  on  a  Tcgotable  diet,  its  urine  may 
become  leas  acid  or  nentral,  while  the  reverse  occurs  when  an  horblvora  ia- 
atarred,  that  is,  when  it  lives  apon  its  own  lleah,  aa  then  the  urine  voided  is 
acid. 

The  Drine  of  a  healthy  man  on  a  mixed  diet  has  an  acid  reaciion^  and 
the  sum  of  the  acid  equiraLcnts  ia  greater  than  the  sum  of  the  base  equira- 
leDts.  This  depends  on  the  fact  that  in  the  physiological  combustion  of 
nentral  substances  (proteids  and  others)  within  the  organism  acids  are  pro- 
dnced,  chieAy  sulphuric  acid,  bot  also  phosphoric  and  organic  acids,  encli  as 
bippnric,  nric,  ami  oxalic  acid,  aromatic  ozyacids,  and  others.  From  this  it 
follows  that  the  acid  reaction  h  not  due  to  one  acid  alone.  Wo  do  not  know 
to  what  extent  any  one  acid  takes  part  in  the  acid  reaction;  hut  it  is 
generally  considere<l  that  the  acid  reaction  of  human  urine  is  caused,  by 
di-acid  phosphato.  The  quantity  of  acid-reacting  bodies  or  combinations 
eliminated  by  the  urine  in  24  hours,  when  calcniated  as  oxalio  acid  or 
hydrochloric  acid,  is  resjwctively  2-4  and  1.15-2.3  grms. 

The  composition  of  the  food  is  not  the  only  influence  which  alTects  the 
degree  of  acidity  of  human  nrine.  For  example,  after  taking  food,  at  the 
beginning  of  digestion,  when  a  larger  amount  of  gastric  juice  containing 
bydrochloric  acid  is  secreted,  the  nrine  may  be  nentral  or  even  alkaline.' 
The  statements  of  various  inventigators  are  rather  contradictory  in  regard 
to  the  time  of  the  appearance  of  the  maximum  and  minimum  of  the  acidity, 
which  may  in  part  lie  explained  by  the  differoDt  iDdividnaiity  and  different 
conditions  of  life  of  the  persons  inveetigated.  It  has  not  infrequently  been 
observed  that  perfectly  healthy  persons  in  the  morning  void  a  neutral  or 
alkaline  nrine  which  is  cloudy  from  earthy  phosphates.  The  elTeot  of 
muscular  activity  on  the  acidity  of  urine  bis  not  been  positively  determined.. 


CiinlnidU'lory  grnlemniln  nra  fDiind  in  Lionester,  MaTy's  Jalirrsber.,  Bd.  27. 
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According  to  TIoffmaSn,  RiNosTKnT,  Onni  and  Tarcuj  mascalar  work 
raises  the  degree  of  acidity,  but  Aiii'ccu'  clainis  that  it  decreases  it. 
Abondant  persplmtion  reduces  llie  acidity  (lIoFrMANN). 

In  man  and  eurnivoni  it  seems  tliat  tlie  degree  of  acidity  of  the  nri&6 
cannot  lie  increased  above  a  certain  point,  eren  though  mineral  acids  or 
orgauic  acids  vhich  are  burnt  np  with  difficulty  are  taken  iu  large  qoaQtitiefl. 
When  the  snpply  of  carbonates  of  the  fixed  all^'»Iies  stored  np  in  Ibe 
organiBni  for  tliid  purpose  is  not  siifTicient  to  combiue  with  the  excess  of 
acid,  then  ammonia  is  split  from  the  proteida  or  their  deconiiKieitioa 
products,  and  the  excesa  of  acid  combines  therewith,  forming  ammoaiom 
salts  which  paas  into  the  nrinc.  In  horhirora  snch  a  combination  of  the 
excess  of  acid  witii  ammonia  does  not  seem  to  take  place,  or  not  to  the  eatntf 
extent,*  and  therefore  herbivora  soon  die  when  acids  are  gircn.  NeTsrthe- 
less  tho  degree  of  acidity  of  human  urine  may  bo  easily  diminished  bo  that 
the  reaction  is  neutral  or  alkaline.  This  occurs  after  the  taking  of  car- 
bonates of  Uie  fixed  alkalies  or  of  Buch  alkali  salts  of  Tegetable  acide— 
tartaric-acid,  citric-acid,  and  malic-acid  wdts— as  are  easily  burnt  into 
onrbouatea  in  the  organism.  I'nder  pathological  conditions,  as  in  the 
absorption  of  alkaline  tramudations,  the  urine  may  become  alkaline. 

The  degree  of  acidUy  cannot  be  determined  by  the  ordinary  acidimetric 

firocesa,  since  llie  urine  contains  di-hydrogen  pboephate,  illl^PO,,  besides 
lydrogen  di-pboephate,  M,1I1H>,.  In  the  titration  the  di-hydrogen  phos- 
phate is  changed  gradually  into  M^nPO^,  and  we  obtain  at  a  certain  point 
A  mixture  of  tlio  two  photiphatstes  m  variable  proportione,  which  mixture  is 
not  neutral  but  amphoteric.  As.  we  couaider  the  quantity  of  phoBphoric 
acid  aa  di-hydrogen  phosphate  as  a  measure  of  the  acidity  of  the  urine,  the 
determination  of  the  acidity  and  tlie  determination  of  di-hydrogen  phoe- 
phalti  go  hand  in  hand.  Tho  methods  reported  to  will  Ijc  described  iu 
connection  with  the  estimation  of  the  total  phoBphoric  acid. 

A  urine  with  an  alkaline  reactiuti  ciuised  by  fixed  alkalies  has  a  Tsry 
different  diagnostic  value  from  one  whose  alkaline  reaction  is  oauifeil  by  the 
presence  of  ammonium  carbonate.  In  the  latter  case  we  have  to  deal  wiUi 
a  decomposition  of  the  urea  of  the  urine  by  the  action  of  micro-organisms. 

If  wo  wish  to  determine  whether  the  alkaline  reaction  of  the  urine  is 
due  to  iinnnonia  or  fixed  alkalies,  we  dip  a  piece  of  red  litmos-paper  into 
the  urine  and  allow  it  to  dry  exposed  to  the  air  or  to  a  gentle  heat.  If  ths 
idkalino  reaction  i»  due  to  ammonia,  the  paper  becomes  ted  a^iu;  but  if  it 
is  caused  by  fixed  alkalies,  it  remains  blue. 

The  specific  gravity  of  nrine,  whicli  is  dependent  npon  the  relationship 
existing  between  the  (jnanlity  of  water  secreted  and  the  solid  nhnary  con- 
atitueuts,  especially  the  urea  and  sodium  chloride,  may  vary  considerably, 
but  is  generally  1.017-1. 0*20.     After  drinking  large  qnantiliee  of  water  it 

>  HofTmnnn,  !vce  Maly's  JMiresIier  ,  Bd.  14.  S-  313  ;  Rlngstcdt,  ibid,,  Bd.  SO,  8.  IM; 
•Oddl  ail*)  Tnnilll.  O^id.,  Bd.  24;  Ailucco.  tCrii;.,  Bd.  17. 
*  Sve  WEiitvrlxrg,  Zctlschr.  t.  physlol.  Cbem.,  Bd.  2S. 
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mAT  foil  to  1.002,  while  aft«r  profuse  perajiirstion  or  after  drinkiog  Tory 
little  water  it  may  rise  to  1.035-1-040.  In  new-born  infants  the  gpecifio 
gravity  ;b  low,  l.OOf-1.005.  The  iletemiinatioii  of  the  ej»Bcific  gravity  ia 
an  important  means  of  tearning  tlie  average  amount  of  solids  eliminated 
from  ttie  organism  with  the  nriDe,  and  on  this  account  the  determination 
becomes  of  tru«  value  only  when  at  the  e&nic  time  the  qnantity  of  tiriuo 
voided  in  a  given  time  is  determined.  The  ilifTerent  portions  of  urine 
voided  in  the  conrse  of  tbe  '24  hoars  are  collected,  mixed  together,  the  total 
quantity  measured,  and  then  the  specific  gravity  taken. 

The  determinntion  of  ffif  specifir.  grarittf  is  most  accurately  obtaii"»d  with 
the  pyknometer.  For  ontlnary  caeea  the  specific  gravity  may  be  determintd 
with  sufficient  accnnicy  hy  means  of  arcometere.  The  areometcre  found  in 
the  trade,  or  nrinojitfiters,  are  graduated  from  1.000  to  1.040;  for  exact 
obflervatious  it  Is  better  to  use  two  tirinomoterB,  one  graduated  from  1.000  to 
1.020,  and  the  other  from  1.020  to  1.040. 

To  determine  the  specific  gravity  of  nrine,  if  necessary  filter  the  nrine, 
or  if  it  contains  a  urate  sediment,  first  dissolve  it  by  gentle  heat,  then  pour 
the  clear  nrine  into  a  dry  cylinder,  avoiding  the  formation  of  froth.  Air- 
hiibbles  or  froth,  when  present,  muBt  be  removed  with  a  glass  rod  or  filter- 
paper.  The  cylinder,  which  must  be  about  |  full,  nmst  be  M'lde  enoogh  to 
allow  the  urinometer  to  swim  freely  in  the  liipiid  witliont  loucliiug  the 
sides.  The  cylinder  and  urinometer  should  both  l>e  dry  or  previously 
Wttsbed  witb  the  urine.  On  resiling,  the  eye  is  brought  ou  a  level  with  the 
lower  meniscus — wliich  occurs  when  tlie  surface  of  tlie  liquid  and  the  lower 
limb  of  the  meuiecns  coincide;  the  reading  is  then  made  from  the  point 
where  this  cnrved  line  cuts  the  scale  of  tbe  urinometer.  If  the  eye  is  not 
in  the  same  horizontal  plane  with  the  convex  line  of  the  meniscus,  hnt  is 
too  high  or  too  low,  the  surface  of  the  liquid  assumes  the  shape  of  an 
ellii»se,  and  the  reading  iti  this  position  is  incorrect.  liefore  reading  press 
the  urinometer  gently  down  into  tlie  liipiid  and  then  allow  it  to  rise,  and 
wait  nntil  it  is  at  reiit. 

Kach  urinometer  is  graduated  fur  a  ccrtaiu  temperatnre,  which  is  marked 
on  the  instrument,  or  at  least  on  the  best.  If  the  nrine  is  not  at  the  j)ro]ier 
temperature,  the  following  corrections  must  be  made:  For  every  three 
degrees  above  the  normal  toinperature  one  unit  of  the  last  order  is  added  to 
the  reading,  and  for  every  three  degrees  below  the  normal  temp&ratnre  one 
unit  fas  above)  is  subtracted  from  the  specific  gravity  observed.  For  exam- 
ple, when  u  urinometer  graduated  for  4-  15°  C.  shows  ■»  specific  gravity  of 
l.Oir  at  +  'li."  C,  then  the  Bi>ecitjo  gravity  at  -(-  IS''  C.  =  l.Uir  -f-  0.003 
=  1.020. 

Wlicn  great  exactitude  is  required,  as,  for  instance,  a  doterminatlon  to 
the  fourth  decimal  point,  wo  make  use  of  a  urinometer  conetructed  by 
LojixsTEiN.'  .loLLEsMias  also  devised  a  small  urinometer  for  the  deter- 
mination of  the  specific  gravity  of  small  amounts  of  urine,  '20-25  c.c.  The 
apecific  gravity  may  also  be  determiued  by  the  Wehtpual  hydrostatio 
tmlance. 


raagefi  Arch..  Bd.  tA.  Cbtni.  Ceatnlbl..  1&«G,  Bd.  1,  &  74,  and  1896.  Bd.  S,  a 
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II.  OrsTAiilc  Physiological  Coiistitiients  of  tbo  t'rino. 

TFrea,  Ur,  wliicli  is  ordinarily  considered  aa  carlmmid,  CO(\II^), ,  nu] 
be  syntheticivllj  prepiireti  in  Bereral  differeut  ways,  namely,  from  carbonyl-" 
chloride,  or  carWnic-iicid  etliTl-etlier  and  ommonia,  COCI,  ■\-  2X11,  = 
C'0{XII,), +21101,  or  (C,U.)..0..C0  +  2XI[.--->{(V[.-OU)  +  rO,(\H),; 
by  the  iiietanieric  decomposition  of  amnioniuiu  cyanate,  C'O.^.XII,  = 
CO(\II,),  (WoiiLKK,  1S2S);  und  in  many  otlier  ways.  It  is  also  fonned.) 
by  tho  deooniposition  or  oxidation  of  certain  liodies  found  in  tlie  animal 
organism,  sncb  oa  creatin  and  uric  acid. 

Urea  is  found  moEt  abundant  in  the  urine  of  carnivont  and  tuan,  bnt  ii 
BUialler  quantities  in  tbnt  of  herbtvora.  The  ([uantity  in  litiman  urine  h 
ordinarily  30-30  p.  m.  It  has  also  been  fonnd  in  small  qnautitiea  in  the 
nriue  of  ainphibiana,  fishes,  and  certain  birda.  Urea  ooctirs  in  the  perspira* 
tion  in  Riual]  <]Daotitie3,  and  as  traces  in  the  bloi>d  and  in  most  of  the 
animal  Huids.  It  also  occurs  in  rather  largo  quantities  in  the  blood,  liver,. 
moaole'  and  bile'  of  sharks.  Urea  is  also  fonnd  in  certain  tiseaes  anti 
organs  of  mammals,  especially  in  the  liver  and  spleen,  althoiij^b  onlir  id 
•mall  amounts.  Under  patliological  conditions,  as  in  obstructed  excretion, 
urea  may  appear  to  a  considerable  extent  in  the  animal  Quids  and  tiwues, 
Si'Iiomiorpf'  finds  that  the  quantity  of  urea  in  the  organs  of  a  dog  fed. 
with  meat  is,  with  the  exception  of  the  muscles  (0.88i  p.  m.).  the  hearfel 
fl.734  p.  m.),  and  the  kidneys  (6.695  p.  m.),  about  the  same  as  tho  blood, 
or  an  average  of  \,'i  p.  m.  In  htiman  blood  tho  quantity  of  urea  on  a 
mixed  diet  was  O.Ull  p.  ni.,  and  about  the  same  quantity  was  found  in 
woman's  milk  and  the  amniotic  fluid. 

The  quantity  of  urea  which  is  voided  iu  ^4  hours  on  a  mixed  diet  is  ii 
a  grown  man  about  :U>  grtns.,  in  women  somewhat  less.     Whilo  childreal 
Toid  less,  the  excretion  relative  to  their  body-weight  is  greater  than  in 
grown  persons.     The   physiological  significance  of  urea   lies  iu   the  fact, 
tlkCLt  tliiA  bo<ly  foL'ma  in  man  and  carnirora,  from  a  quantitative  standpoint,' 
the  most  important  nitrogenons  6nal  product  of  the  metabolism  of  proteid 
bodies.     On  this  account  the  elimination  of  urea  varies  to  a  great  extent 
with  the  katabolism  of  the  proteid,  and  above  oil  with  the  quantity  ol 
absorbable  proteids  in  the  food  taken.     The  elimination  of  urea  is  greatest 
after  an  exclusive  meat  diet,  and  lowest,  indeed  leas  than  during  starration, 
after  the  cousiimption  of  non- nitrogenous  bodi(.«,  fur   these  diminish  the 
metaholi°ni  of  the  proteids  f>f  the  body. 

If  the  consumption  of  the  proteids  of  the  body  ii  increased,  then  tba 


'  v.  SclirMirr.  ZeilAclir.  f.  pliyslol.  Ctaem.,  Bd.  14. 
*  HHiiimiirsrcn,  ibid  .  ltd.  21 
*PflO«er'sArcb..Bd.  74. 
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elimination  cf  nitrogen  is  correBpoxitlitigly  Jncreaseil.  Tliis  is  found  to  be 
the  case  m  leverf,  cocbexis,  diabet«a,  after  poigoning  witii  areenic,  anlimouy, 
phoajihorns,  ami  other  protoplasm  ]>oiBon8,  by  a  ilimiDielied  siipplv  of  oxygen 
—as  iu  severe  and  continnona  dyBpno>8,  poisoning  with  carbon  mouoxide, 
hemorrhage,  etc.  Id  theae  cases  it  nsed  to  be  considered  that  it  was  dne  to 
an  increased  elimination  of  area,  bccnnse  no  exact  dItTerence  was  made 
between  the  tpinntity  of  iirwi  and  the  total  i^nantity  of  nitrogen  iu  the 
nrine.  Ilecent  researches  have  conclnsirely  demonstrated  the  nntrnst* 
worthiness  of  those  obBcrrationa.  Since  Pin.ruKit  and  lioiiLANU  have 
eliowu  that  16^  of  the  total  nitrogen  of  the  nrino  esists  under  phyaiological 
conditions  as  other  combiuatians,  not  nrea,  attention  has  been  called  to 
the  relationship  of  tlie  diHercnt  iiilrogenons  constituents  of  the  Drine  to 
eacli  other,  and  it.  bas  been  foniid,  nnder  jmtbologicyil  c».ndition8,  that  this 
relationship  may  vary  very  considerably,  especially  in  regard  to  the  nrea. 
Wc  hare  nnmcroas  determinations  by  different  investigators,  each  as  Boif- 
l^Ni),  K.  8eiu  LTZK.  Camkuku,  ^'otiI;H,  M«"iHNKK  and  S-iiigvisT,  OUMLICII, 
B5nTKER,'  and  others,  on  the  relationship  of  the  different  nitrogenoiia 
constitnents  to  each  other  in  normal  tii'iue  of  adnlts.  SjOqtist  Iiati  made 
tjjinilar  detenninations  on  new-born  bHl>e8  from  1-7  days  old.  From  alt 
these  analyses  we  obtain  the  following  figures  (A  for  adalts  and  B  for  new- 
born babes).     Of  the  total  nitrogen,  we  hare: 


h 


Urea M-eilt 

Animonin :!-5 

rricaciii 1-8 

RemfilolDg  nilrogcnrDUB  siibMaDces  (cxtraclivea). . . .    7-13 


78-16* 
7.d-«.fl 
8.0-S.O 
7.8-14.7 


The  different  relationship  between  nricacid,  ammonia,  and  area  nitrogen 
!n  children  and  atliilts  is  remarkable,  since  the  nrlne  of  children  is  consider- 
ably richer  in  nric  acid  and  nniiiionia,  and  considerably  poorer  in  urea,  thnu 
the  nrine  of  adnlts.  The  absolute  i|iiantity  of  nrea  nitrrjgen  in  adnlts 
amonnts  to  abont  10-10  grms.  per  day.  In  disease  the  proportion  of 
the  nitrogenoDB  substances  may  be  markedly  changed,  and  a  decrease  in 
the  qoantily  of  nrea  and  an  increase  in  the  qnantity  of  ammonia  have  Iweu 
observed  in  certain  diseases  of  the  liver.  This  will  be  treated  of  in  detail 
in  connection  with  the  formation  of  urea  in  the  liter.  It  is  natural  that 
there  is  a  diminished  formation  of  urea  in  diminished  administration  of 
proteids  or  diminished  l^atabolisni  of  proteids.     In  diseases  of  the  kidneys 

'  PaOg«r  nod  Bo1i!ki)().  PflDgcc's  Arch..  Ikld.  88  and  43  .  Uoblfuid,  i'^..  Bd.  4$: 
Scbullze.  ibid..  Hd.  4d;  CninertT,  /^Itsclir,  f.  Blologle,  Bil'l.  24.  27,  aud  38;  Vuges. 
X'eber  di«  SlUcbuug  tier  »lickEU>fTbn1il^'ri]  Tk-sltinillbrilv  liii  Ham,  etc.  {Tnaug.-Diaa., 
Berlhi.  ISWt  cited  from  Maly's  Jahnnber..  iW.  22;  K.  MOrnrr  nml  SjCqviBt,  Bkand. 
Aifli.  f.  PtiyBlol..  Bd.  3.  Sen  nlwi  SjJVivial,  Nonl.  med.  Arkiv.,  ISltt.  No.  89,  ami  1884» 
Nn.  10;  Gumltcb,  ZelUcbr.  f.  pbyslol.  Chem.,  Bd.  17;  BOdtker,  tee  Moly'a  Jahresber., 
Bil.  28. 
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which  disturb  or  destroy  tha  integrity  of  the  epitheliam  of  the  tortaoas 
urinary  passages  the  elimination  of  nrea  is  considerably  diminished. 

Fomiaiion  of  I'rai  in  ihe  Organum.  The  eiperiments  to  produce  nrta 
directly  from  jiroteidB  by  oxidation  have  not  led  to  any  [>o5itivo  resales. 
Among  the  basic  bodies  ot^ciirring  in  tlie  hydrolytic  clearage  products  of 
proteids  we  find  lysatin  and  arginin,  which  are  also  formed  in  tryptic  diges- 
tion, and  these  bodies  yield  urea  by  the  iiction  of  alkalies  (Chapter  II).  It 
is  therefore  possible  to  prepare  urea  by  the  hydrolytic  cleavage  of  proteids, 
with  those  bodies  as  intermediate  prodacts,  and  according  to  DRi-xirsEt. 
about  1L>;<£  of  the  urea  may  be  accounted  for  in  this  way.  A  part  of  the 
nrea  may  be  produced  by  the  uctJoci  of  alkalies  on  creatin  or  creatiuin. 

Tlio  amrdo-acids  are  also  considered  as  mother-substances  of  urea.  By 
the  renearcbes  of  Sciit'LtZKK  and  N£Ncki  aud  SALKont^Ki  with  leucin  and 
glycocoll  and  tboBe  of  v.  Knieiuem  with  asparagin,  it  lias  been  shown  tliat 
the  amido-acids  are  in  part  converted  into  urea  in  the  animal  organignu 
Kecent  inTestigations  by  Salaskin  with  the  three  amido-acida,  glycocoll, 
leuciu,  and  aspurtic  acid,  Imve  unmistakably  sliown  that  the  living  dog* 
liver,  supplied  with  arterial  blood,  has  the  property  of  transforming  the  above 
aniido-acids  into  urea  or  a  closely  allied  substance.  The  researches  of 
LoEwi  with  the  '*  nreu-fonning "  enzyme  of  the  liver,  discovered  by 
HicnxET,  and  glycocoll  or  leucin,  as  also  the  researches  of  AscoLt,'  hare 
led  to  similar  results.  Kotbing  can  be  stated  in  regard  to  the  extent  of 
formation  of  amido-acida  in  the  physiological  destruction  of  proteido  in  the 
animal  body,  with  tlie  exception  of  those  formed  in  the  intestinal  digestion. 
The  possibility  of  such  a  formation  of  urea  is  beyond  dispute. 

Nothing  positive  can  be  eaid  in  regard  to  the  manner  in  which  the 
formation  of  urea  originati-s;  bub  it  is  admitted  that  it  is  partly  an  ammonia 
formation  and  partly  the  formation  of  carbamic  acid. 

The  poBsibility  of  a  formation  of  nrea  from  ammonia  has  been  positively 
•bowu.  Thus  the  researches  of  v.  Knibuieu,  Salkowski,  Fedee, 
L  HUN'S,  CoRANDA,  ScuMiEDEBERo  and  Fr.  Walter,  and  Haller- 
WOKDKN,*  on  the  behavior  of  ammonium  salts  in  the  animal  body  and  the 
elimiuatiou  of  the  ammonia  under  various  conditions,  have  shown  that  not 
rnly  ammonium  carbonate,  but  also  such  ammonium  salts  which  are  burat 
into  carbonate  in  the  organism  are  transformed  tuto  urea  by  camivora  u 
well  as  horbivora.     v.   Sliikoedeii,*  by  irrigating  the  living  dog's  liver 

<  ScbiillzoQ  and  N«ucki,  ZcUecbr.  t.  Blologfe,  Bd.  8 :  v.  KalerJen,  ibid..  Bd.  10; 
Salkuvrski.  ZL'ilachr.  f.  pliyslol.  Clieni..  Bd.  4:  Sitlngktu,  ibid.,  Bd.  35;  Loewl,  ibid., 
fid.  25  ;  RlcUiet,  Compt.  rend..  Tonic  116,  aud  Couipl.  read.  BOC.  Uo].,  Tome  49 :  AscoU, 
PHQger'9  Ardi.,  Bd.  72. 

•  V.  Kiii«riem.  ZeitscUr.  f   Uiulogk,  Hil.  10.  Feder.  ibid..  Bd.  IS;  Salkowtkt.  Zelb^ 
•chr.  r.  Biologic,  Bd.  1  ;  Miink,  ibid,,  Bd.  3;  CoraodK,  Arch.  f.  cip.  Path.  u.  Pbann., 
Bd.  13:  SchuiUdebvfg  and  Walter,  tf'td.,  BtJ.  1 ;  lUllerwordeo,  ibid..  Bd.  10. 

•  Arcb.  r.  eip.  Palh.  u.  Pharm.,  Bd.  15.  See  nl»(>  SHlomoa.  Vtrchnif'B  Arch.,  Bd.  97. 
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vith  blood  treated  with  ammonium  carbonale  or  ammoninm  formate,  ))us 
shovD  that  tlie  formation  of  urea  takes  place,  at  least  in  part,  in  this  orf^iD* 
\ekcki,  Pawlow  and  Zai.eski  '  hare  foand  tliat  in  doge  the  <iuiiiitity  of 
ammonia  in  the  blood  from  the  portal  Teiu  is  about  3. A  times  greater  than 
from  the  hepatic  Tein,  and  they  claim  that  the  liver  retains  in  great  part 
the  araoionia  supplied.  The  formation  of  nrea  from  ammonia  in  the  liter 
is  a  positively  proved  fact,  and  the  nrea  formation  from  ammonium  carbonate 
is  to  be  considered  as  a  srnthesiB  with  the  elimination  of  water. 

We  have  also  important  oliservations  which  gi\'e  support  to  the  views  of 
ScnriTZEN'  and  Xentki,'  namely,  that  tho  aniitlo-acids  are  transformed 
into  nrea  vith  carbamic  acid  as  an  intdrmediat«  step.  Dkechsel  has 
shown  that  the  amido-acids  yield  carbamic  acids  by  oxidation  in  alkaline 
flnid  outside  of  the  organism,  and  be  obtained  urea  from  ammonium  car- 
bamate by  passing  an  alternate  electric  cnrrent  throngh  its  solution,  namely, 
by  alternate  oxidation  and  rednction.  Dkechsel  lias  also  been  able  to 
detect  small  r|iiantiti€s  of  carbamates  in  blood,  and  later  in  conjonctton  with 
Abel  he  detected  carbamic  acid  in  alkaline  horse's  nrine.  Drjcciii^el 
therefore  accepts  the  formation  of  nrea  from  ammoninm  carbamate,  and 
according  to  him  the  olteraaliDg  oxidation  and  rednction  take  place  in  the 
following  way: 


and 


H.N.o.co.KH,  +  0  =  n,N.o.co.Nn,  +  n,o 


H^.O.CO.NH,  -f-  H,  =  H^.CO.NH,  +  H,0. 


Ab£L  and  MriRnEAD '  have  later  observed  an  abundant  elimination  of 
carbamio  acid  in  human  and  dog*a  nrine  after  the  administration  of  large 
quantities  of  milk  of  lime,  and  the  probability  of  the  regular  appearance  of 
this  acid  in  normal  acid  luinmn  and  dog^s  urine  lias  been  demonstrated  by 
M.  Nen^^ki  and  IIakx.'  These  last-mentioned  investigators  have  also 
given  very  important  stipjwrt  to  the  theory  of  the  formation  of  nrea  from 
ammoninm  carbttniata  by  observations  on  dogs  with  Kck's  fistula.  In  tlii» 
case  the  portal  vein  is  directly  connected  with  the  inferior  vena  cava,  and  a 
commnuicAtion  is  thns  established  so  that  the  blood  of  the  portal  vein  flows^ 
directly  into  the  vena  cava,  without  passing  throngh  the  liver.  Xencki 
and  Uahk  observed  violent  symptoms  of  poisoning  in  dogs  operated  npoa 

■  Arch,  dcs  sciences  bial.  do  8t.  Petentbourg.  Tome  4. 

■  Zeliscbr.  t.  Btolggio.  lid.  9. 

*  Drecliscl,  Btr.  d.  sUcbR.  (Jesolisrli.  d.  WUm-dbc]!..  I87S.  See  alio  Jciiin).  f.  prnkt. 
Cbeni.  (N.  F.l.  Bdd.  12.  IG.  nod  22  ;  Mwl.  Du  Koii^Hoj-moDd's  Arcb.,  1881 ;  Abil  und 
MuirhesH,  Arch.  f.  i-xp.  Palb.  ii.  Phiimi.,  Bd.  31. 

*  Ilahn,  MnswD.  Nenckl  el  Pawlow,  Im  t))>uilc  d'Kck  de  ]a  vHne  cave  fof^rieur  t-t  da 
U  vefae  portc,  etc    ArcU.  dcs  KlenceB  biol.  d«  St.  P6t«niboar£,  Tome  1,  No.  i,  1B92 
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bj  PAwtow  and  JEabsen,  und  theae  symptoms  were  qnite  ulootical 

tiiosa  obtuLiieil  on  iiitrnduRiiig  cnrbautate  into  the  blood.  Tliosu  Bymptouii 
alsu  uppear  after  tijo  introductiou  uf  carbamate  iuto  the  stomach,  while  the 
intrnd action  of  cirbamate  into  the  storiiach  of  a  uortnal  dog  bod  no  actioo. 
As  t!io30  obserrera  iiUo  foatul  that  the  urine  of  the  dog  on  which  the  open- 
tion  was  mude  was  richer  in  carbamate  tlian  that  of  the  nonnal  dog,  thej 
conclude  that  the  sjmptoinB  were  dne  to  the  non-tra Deformation  of  Uifl 
-ammoniiiin  carlinriinte  into  urea  in  the  \\vt:r^  and  iliey  ccnftid^r  the  am- 
inoniam  carbtttnatu  as  tlie  stib-stauce  from  which  the  urea  is  derived  in  tlie 
Jiver  of  mammals. 

The  view  va  to  the  formation  of  area  from  ammonium  carbamate  doet 
imt  contradict  the  above  statement  aa  to  the  transformation  of  carbonates 
into  area,  since  we  can  imagine  that  the  carbonate  is  llrst  conrert«<l  into 
carbamate  witli  l.he  expiil^'tion  of  a  niol(!(MtIe  of  water,  iind  tliat  tliiii  then  is 
transformed  into  uraa  with  the  exiuilaion  of  a  gecoml  inolecnle  of  water. 

F.  Hdfmkiktkk'  haa  foand  in  the  oxidatinn  of  dittereiit  members  of 
the  fatty  scries,  a^  well  m  in  amido-acJdsand  protcids,  that  urea  was  formed 
in  the  pregeuco  of  ammonia,  and  he  therefore  BUggcats  the  puseibilitj  that 
nrea  may  bo  formed  by  an  oxidation-synthesis.  According  to  him.  In  the 
oxidation  of  nitrogenous  substaiicei!  a  radical  CONii,.  eoutaiuing  the 
aniido-groiip,  nnited  at  line  nioineut  of  formation  with  the  radical  NIT, 
Temaining  on  the  oxidation  of  ammonia,  forming  nrea. 

Besides  the  above-mentioned  theories  as  to  the  formation  of  urea,  w< 
have  others  which  will  not  be  giren,  because  the  only  theory  which  lias  ibas 
far  been  positively  demonstrated  is  the  formation  of  urea  from  ammonium 
compoitnOs  and  amldo-acids  in  the  liver. 

Tbe  liver  is  tlie  only  organ  in  which,  up  to  the  present  time,  a  formation 
«f  urea  haa  been  directly  detected;'  and  the  (jnestion  arises,  what  importance 
has  this  nrea  formation  taking  place  in  the  liver?  Is  the  nrea  wholly 
■or  chiefly  formed  in  the  liver? 

Tf  the  liver  is  the  only  organ  forming  urea  it  is  to  be  expected,  on  the 
extirpation  or  atrophy  of  that  organ,  that  a  reduced  or,  in  short  experiments, 
At  least  a  strongly  diminished  elimination  of  urea  occurs.  As  at  least  a  part 
■of  the  urea  is  formed  iu  the  liver  from  ammonium  compounds,  a  simol- 
^neons  increase  in  the  elimination  of  ammonia  is  to  he  expected. 

The  extirpation  and  atrophy  experiments  ou  animals  made  by  dtlfennt 
methods  by  Kkxcki  and  IIahx,  Slosse,  Lieblbix,  Nekcki  and  Pawlow' 

'  Arcb.  f,  «p.  Piilh.  u.  PLftrm..  B(i.  ST. 

*  In  n'hTirri  lo  tlic  Invt-slIgntlonB  .>T  Prevost  ■n<)  Dutniw,  Helsaoer.  Voll.  GrUiut. 
'QacheidlL'O  ao-L  Snikowski,  nud  olbets.  on  Itiu  role  of  lite  kidneys  In  llie  ronnAliou  of 

ureiL.  sec  v.  Hclirrx^Itr,  Aicli-  f.  cxp.  Patli.  u.  Plinnu.,  BOil.  15  and  10,  «ad  Voil,  Zdt> 
acbr.  f.  Biulu{,'ii;.  BU.  4. 

*  Ncnekl  aitd  Hnlin,  I.  c  ;  Slosse,  Dii  Koi»- Iteytnood's  Arch.,  ISM;  IJebleln.  \xx\i. 
1*  ex|i.  pHlli.  u.  PLano.,  Hi.  3S  ;  Xeucki  and  Puwiow.  Arcb.  dea  scl«nc  de  St.  Polet*- 
twuirg,  Tome  0.     See  also  v.  Muiater,  Maly's  Jabresbcr. ,  Bd.  35. 
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liiiTe  bIiowti  that  a  rather  market!  iacrenso  of  ainmnnia  nnd  a  dimiiiislied 
climinfttior  of  nrea  take  placo  nfter  the  operation,  bnt  also  that  there  are 
cases  in  which,  irrespective  of  the  pronoiiticeU  atrcphy,  nn  abcndaot  forma- 
tion of  nrea  occnre,  and  no  appreciable  if  any  change  in  the  proj>ortioii 
of  ammouia  to  the  total  nitrogen  and  urea  ih  ohserred.  After  extirpation 
of  the  organs  of  tlie  posterior  jtart  of  the  body,  enpecJally  the  liver  and 
kidneya,  from  thecircuhition  Kaikmann'  '  also  found  an  important  increase 
in  the  aroa  of  the  blood,  and  these  different  observationK  show  titat  the  liver 
is  not  the  only  organ,  in  the  rarioua  animals  experimented  upon,  in  which 
nroa  is  formed. 

The  obaerrattons  made  by  nnmerous  invealigators*  on  hnman  beings 
with  cirrhosiii  of  the  liver,  acute  yellow  atrophy,  and  phoaphonifl  jioisoniog 
hare  led  to  the  same  reanlt.  We  learn  from  these  investigations  that  lu 
certain  cases  the  proportion  of  t[ie  nitro^enoim  siibstances  may  be  so  changed 
that  area  is  only  .ilMiO^  of  the  total  nitrogen,  while  in  other  coses,  on  the 
contrary,  even  in  rery  extenKire  atrophy  of  the  liTor-cells,  the  formation  of 
urea  is  not  diminished,  neither  is  the  proportion  between  the  total  nitrogen, 
nrea,  and  ammonia  essentially  changed.  Kren  in  the  ca«ea  in  which  tlio 
formation  of  iiroii  was  relatively  diminished  and  tlie  elimination  uf  ammonia 
considerably  increased  wo  must  not  without  further  investigation  assume  a 
rednced  ability  of  the  organiem  to  produce  nrea.  An  increiised  cHminatron 
of  ammonia  may.  as  shown  by  Mf^N'ZRR  in  the  case  of  acute  phoKphorns 
poisoning,  be  dependent  npon  the  fonnation  of  abnormally  large  quantities 
of  acids,  cansed  hy  abnorniul  metaboIiBm,  and  these  acids  r('(|iiin.)  a  greater 
qaantity  of  ammonia  for  tlieir  nentralization  according  to  the  law  of  the 
elimination  of  ammonia,  wliicli  will  be  given  later. 

For  the  present  we  are  not  justified  in  tho  statement  that  the  liver  is 
the  oidy  organ  in  which  urea  is  formed,  and  continned  investigation  only 
can  yield  farther  information  as  to  the  extent  and  importance  of  the  forma- 
tion of  urea  from  ammonia  tromponnds  in  the  liver. 

Proptrtxea  and  lieactions  of  Vrea.  Urea  cryBtiillizeB  in  needlea  or  ia 
long,  colorless,  four-sided,  often  hollow,  anhydrous  rliond>ic  prisms.  It  has 
a  neutral  reaction  and  produces  a  cooling  sensation  on  the  tongue  like  salt- 
petre. It  mettH  at  KlO-I.'t^"  C,  but  already  deconipo^es  at  abocit  100°  C. 
At  ordinary  teniperaturea  it  dissoires  in  equal  weight  of  water  and  in  five 
parts  alcohol;  it  requires  one  part  boiling  alcohol  for  solntion;  it  is  insoluble 


'  Coinpl.  reml.  Boc.  bfol.,  Tome  4fl,  nnd  Arch,  dc  Physiol.  (.1),  Tome  6. 

»8f«!  Hnllerwotden.  Arch.  f.  exp.  I'mli.  \i.  Phurm..  Hd.  12;  Weiiiimm).  iMd.,  Bd. 
31  ;  MUuwr  fttiil  Wimerberg,  rWrf.,  Bd.  83  :  Slftrtclmaun,  neiiinch.  Arrli.  f.  kiln.  Med., 
fia.  88  -.  Fawilzki,  ilnd..  Btl.  4.'! :  MUnzci.  iihti..  \^^.  &2  ;  Ft&nkel,  Uvrhu.  kiln.  Woi'ben. 
•dir.,  1678 ;  Ilichler.  ibid.,  1896 .  Mftrncr  itnci  t^JOqTUt.  Skaiid.  Arch.  f.  PhjsIoU.  Bci.  3, 
and  SJOqvlfrt,  Nonl.  Mt-d.  Arklv.,  1882  ;  Oumlic-li.  2cll«:br.  f.  jibysIoU  Ch«n.,  Bd.  17  ; 
T.  Noordea.  Lehrb.  d.  Pathol  des  Stoffwccbtels.  3.  387. 


416 


VftlSE. 


ill  alcohol'froe  etber,  and  also  in  cliloroform.  If  tirea  in  enbetance  is  heated 
in  a  teat-tabe,  it  melts,  decomposes,  gires  olT  ammonia,  and  leaves  tintJlr  a 
nou-tratispareut  wjiite  re«!idiie  wUicli,  imioiig  other  sabstatices,  contains 
also  cjranuric  ;u;k1  and  hiurrl^  winch  dissolves  lu  water,  girnig  a  heaatifal 
reddisb-riolet  liquid  vith  copper  snlpbate  and  alkali  (biunt  reaction),  Oa 
heating  with  baryta-vratcr  or  caustic  alkali,  also  in  the  so-called  alkilins 
fermentation  of  nrine  caused  by  micro-organisms,  area  splits  into  carbon 
dioxide  and  ammonia  with  the  addition  of  water.  The  same  decomposition 
products  are  prodnced  when  urea  is  heated  with  concentrated  sulphuric 
acid.  An  alktdine  solntioii  of  gudiitm  liypobrumite  deL'oinpnses  ureu  iiiUi 
nitrogen,  carbon  dioxide,  and  wateriuxording  to  the  equation 

COX.H,  -f  3NaOBr  =  3NaBr  +  CO,  +  3U,0  +  N,. 

With  a  concentrated  Bohition  of  fnrfnrol  and  hydrochloric  acid  nre*  in 
substance  gives  a  coloration  passing  from  yellow,  green,  Wue,  to  violet,  and 
then  beaiitifol  parpEe-violet  after  a  few  minutes  (Soiiipr's  reaction). 
According  to  HurrKRT'  the  test  is  best  performed  by  taking  3  cc  of  ft 
concoutratod  furfurol  solution,  4-(;  drops  concentrated  hydrochloric  acid, 
and  adding  to  this  mixture,  which  mnsC  not  be  red,  a  email  cr^-stal  of  area. 
A  deep  violet  coloration  appeara  in  a  few  minutes. 

Urea  forma  cryBtalline  combinations  vriLli  many  acids.  Among  then 
the  one  with  nitric  acid  and  the  one  with  oxalic  acid  are  the  moat  important. 

Urea  Nitrate,  C0[>J11,),.UN0,.  On  crystallizing  qnickly  this  com- 
bination forms  thin  rlioiubic  or  six-sided  overlapping  tiles,  colorless  plalH, 
whose  point  lias  an  angle  of  S'-J".  When  crvatalli^iing  slowly,  larger  and 
'^dicker  rhombic  pillars  or  plates  are  obtained.  This  combination  is  rather 
easily  soluble  in  pure  water,  bat  is  considerably  less  soluble  in  water  con- 
taining nitric  aoid;  it  muy  be  obtained  by  treating  a  concentrated  solatioa 
of  area  with  an  excess  of  strong  nitric  acid  free  from  nitrous  aotd.  Oa 
heating  this  combiuatiou  it  volatilizes  without  leaving  a  residne. 

This  cniupniind  muy  be  cuiplovcil  willi  lulvnnlngc  in  i1cu?i'Citii^  t>riiAll  iimouiili  of 
ureu.  A  dnip  nf  tlip  rntiwiitniied  ftfiliiUon  i*  pliu-cd  nn  b  microscow  Kliile  miil  ti» 
cover-gliiss  plHC«d  iii^kjiIi  ll ;  u  drup  of  nitric  ncid  is  ilieu  placed  oil  tbe  tldi:  uf  Ifac  tstvtu 
plfiss  iiud  alluweii  lo  tluw  under.  Tlic  forriiBlloa  of  c-rv«laln  berios  wlicr«  Ibe  soUiliun 
&od  Ibe  nlcHc  ncid  nicft.  Alk'ili  altmlea  mny  crymalUKe  very  similarly  to  iircn  tdirtie 
wlieii  Uioy  lURcoiiuiiniimted  with  ottiei'  ixHiiv?;  tliercfori.-.  tri  teBliug  for  urea,  tlis  ciyt- 
UiEs  must  be  Edcntiliod  ns  tcrcu  tiimtc  hy  lieAllng  and  by  other  mvaui. 

Urka  Oxalate,  2.CO(KH,),.TI,0,0,.  This  compound  is  morw  spar- 
ingly soluble  in  water  than  the  nitric-acid  compound.  It  is  obtained  in 
rlioHibio  or  six-sided  prisms  or  platas  on  adding  a  saturated  oxalic-acid 
solution  to  a  concentrated  solution  of  urea. 

Urea  also  forma  combinations  with  inercnric  nitrate  in  variable  propor* 

*  Huppert-Noiibauer,  ArmlyK  dca  Hmtom.  10.  AuQ..  8.  3M. 
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tions.     If  a  very  faintly   acid   mercaric-nitrate   solnlion   is  aUdeii   to  a 

iwo-per-ceut  Botutioti  of  urea  and    the   mixture   carefnily   netitrulized,  a 

combination  is  obtained  of  a  constant  compoftitioii  whicli  contains  for  every 

10  parts  of  nrea  t'i  jmrte  inerciiric  oxide.     This  compound  serves  m  the 

basis  of  LiEBic/s  titration  uietiiod.     Urea  combines  also  with  suite,  forming 

mostly  crystal  11  zalle  combinationB,  qb,  for  instance,  vitb  ^oilitim  chloride, 

with  the  chlorides  of  the  licavj  metals,  etc.     An  alkaline  but  not  a  neiitr'l 

solntion  of  urea  is  precipitated  with  mercuric  chloride. 

If  urea  U  (liasol red  iu  diluU^  hydrtiriiloric  ncfd  iinil  theti  un  I'sci-ss  of  fonnnldeliyiJs 
addwi.  ft  tlilck,  wliilP.  crnnulnr  j.rc^ipfl""'-  i'  oLlRintd  wldcli  ii.  iliffictitrly  »ululil«  ami 
wlioei-  ci}in{K>Kllioii  i»  MHiivwIjat  iltxiiulvd.'  Willt  |ili(-iiyl-li^(lr»ziiJ.  una  in  slnnie  Bcetlo 
ucW  (livia  n  coldrlcis  tn'-iUllfiKc  romliitimidn  of  pliBny1-!icin{{'nrbH7id,  CtH»NlI.S(II. 
(XJNlli.wliiL-li  u  KolublH  Willi  difficulty  iu  ruld  walttr,  uud  niclls  M  17^'  C.  (JaktIv'}. 

The  method  of  prcpariog  nrea  from  nrine  is  chiefly  as  follows:  Concen- 
trate the  urine,  tvhich  haa  been  faintly  acidifled  with  Biilphcnc  acid,  at  a 
low  tem[ieratiire,  add  an  e.tcetw  of  nitric  ari<l,  at  the  same  time  keeping  the 
mixtnre  cool,  press  the  precipitate  well,  decompose  it  iu  water  with  freshly 
precipitated  barium  carbonate,  dry  on  tho  wiiter-lmtli,  exti-nct  the  rcsi<luo 
with  strong  alcohol,  decolorize  when  neceesAry  with  anitnul  cliarcoal,  and 
filter  while  warm.  The  urea  which  crystallixes  on  coolinf;  is  porilied  by 
recryshdlization  from  warm  alcohol.  A  further  qtiantilv  of  urea  may  be 
obtained  from  tiie  mollier-liquor  by  concentration.  The  nrea  it;  purified 
from  contaminating  minern)  boilies  by  redi68ol<ring  in  alcohol-ethnr.  If  it 
is  only  necessary  to  delect  the  presence  of  nrea  in  urioe,  it  is  sufficient  to 
concentrate  a  littlo  of  the  urine  on  a  wateh-^losji  and,  after  cooling,  treat 
with  an  exceiiaof  nitric  acid.     In  this  way  we  obtain  cryetaUof  urea  nitrate. 

QunntitaUve  J^^shiualion  of  ihf  Total  Niiroqen  ttnd  f'rea  in  I'rine. 
Among  tlio  various  ujethods  proposed  for  the  ctftimatioii  of  the  totui  nitro- 
gen, that  8nggeste<l  by  KJBLn.iiii.  is  to  be  recommended,  lint  as  I.iKiUG'a 
metliod  for  tlie  estimuliou  of  urea  is  really  a  rnetliod  for  determining  the 
total  nitrogen,  and  a»  ttie  physician  has  not  always  at  hand  thd  apparatus 
and  utenslis  necessary  for  a  KJt^i.nAHi,  determination,  ho  often  makea  use 
of  this  method  ;  hence  it  will  t>e  given  in  detail. 

K.tK].UAiiL*s  method  consists  in  traoaformiug  all  the  nitrogen  of  the 
organic  nubiitanoeB  into  ammonia  by  heating  with  a  irafliciently  ci>nr«ntritted 
sulphuric  acid.  The  ammonia  is  distilled  olT  after  supersaturating  with 
alkali,  and  the  ammonia  collected  in  standani  snlphnrio  acid.  The  follow- 
ing reagents  are  necessary. 

1,  Sulphurir-  Arid.  Either  a  mixture  of  eqnnl  volumes  pure  conceo- 
trated  and  faming  sulplmric  acid  or  else  a  solntion  of  200  grms.  pliot^phorio 
anhydride  in  1  litre  pure  concentrated  snlphuric  acid.  2.  Caustic  soda  fre« 
from  nitrates,  30-4<H  solution.  The  quantity  of  this  canBtic-i<oda  solntion 
nec«B8ary  to  neutralize  10  c.c.  of  the  acid  mixtare  must  be  determined. 
3.  Metallic  mtrcurtj  oi*  pure  yellow  mercuric  oj-ide.  (The  addition  of  this 
facilitates  the  destruction  of  the  organic  substances.)    4.  X  potansium'Snl- 


'  Sec  Tollcm  nnil  lits  pupils,  Bcr.  d.  dciitsch.  clictn.  OcBelbch..  Bd.  2*.  S,  2751 ; 
Ooldscltnildl.  ibid.,  Bd.  2fi.  and  Cbcm.  CentmlbU,  1887,  Bd.  1,  6.  88  ;  Tbomi,  Ouj.,  Bd. 
2.  e.  144  and  737. 

■  Zellsdir.  f.  pliysiol.  Cfaeta.,  Bd.  33. 
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phide  solution  of  4<<,  vhose  object  is  to  decompose  any  meronrio  amid 
combiaatioti  which  might  not  evolve  ita  omnionin  completely  on  distillatioQ 
vitli  oHusUc  soda.     ■^.  ^  iKirriiul  Rtilphuric  &'ild  ami  ^  tioiiiial  canslic  potosli. 

In  performing'  the  determination  5  c.c.  of  tho  carefully  measured  filwred 
urine  is  plact;<J  in  »  loiig-neckeJ  K.ikm>aiil  lla^k,  a  Jrup  of  mcrcitrj  or 
about  0.3  grm.  nicrciirio  oxide  mldeJ,  and  then  treated  with  li>-15  c.c.  of 
the  strong  sulphuric  acid.  The  contents  ore  heated  very  careftiUy,  placing 
the  flask  at  an  ancle,  until  it  just  begins  to  boll  gently,  and  continne  this 
for  about  half  an  hour  or  until  the  iniitnre  is  colorless.  On  cooling  the 
contents  are  tnitisferrBil  to  a  voltitiiiunus  dietllliDg  Husk,  oarcfnlly  washing 
the  Kjeldahl  fl^jk  ^rith  vrater,and  the  greater  part  of  tlio  acid  is  nentralizeit 
by  caustic  Boda.  A  few  ziar  slmvings  are  aihled  to  prevent  too  rapid 
ebullition  on  iliittillatiou,  and  then  an  excess  of  canstic-aoila  solntioii,  which 
baa  previously  been  treated  with  30-40  c.c.  of  the  potaesium-aulphide  wtu- 
tion.  Thti  dask  is  <[uiokly  oonnected  with  ttie  condenser  tube  iind  all  the 
ammoaia  distilled  oil.  In  order  to  prevent  loss  of  ammonia  it  is  best  to 
lower  the  end  of  the  exit-tiiba  below  the  surface  of  the  acid,  and  the 
regurgitation  of  the  acid  is  prevented  by  hiiring  n  bulb  blown  on  the  exit- 
tubo.  Not  less  than  *2i>-:i(»  c.c.  of  tho  standard  acid  is  used  for  every 
5  c.c.  of  urine,  and  on  completion  of  the  distillation  the  acid  ia  retitrated 
with  ^  norniEil  cau.sLic  Roda,  UHing  rosolic  acid,  tincture  of  cochineal,  or 
lacmoid  as  indicator.  Each  cubic  centimetre  of  the  acid  corresponds  to 
2.8  milligrammea  nitrogen.  As  a  control  and  in  order  to  see  the  purity  of 
tho  reagents^  or  to  cliniinato  any  error  caused  by  an  accidental  quantJiy  of 
ammonia  in  the  air,  wo  always  make  a  blind  expohmcnt  with  the  reagents. 

Libbio'b  METiion  is  based  upon  tlie  fact  th:it  a  dilute  solution  of  mer- 
ouric  nitrate  under  proper  conditions  precipitates  all  the  urea,  forming  a 
compound  of  constant  composition.  Aa  indicator,  a  soda  solution  or  a  thin 
paste  of  sodium  bicarbonate  is  usod.  An  excess  of  mercuric  nitrate  prodaoea 
herewith  n  yellow  ur  yellowiah-browri  combination,  wliilo  the  combination 
of  urea  and  mercury  is  white.  rFT,t'r.F,R  '  has  given  full  particnlare  of  this 
method;  tlierefore  we  will  describe  1*fl.Coeh's  modilicalion  of  Likbhi's 
method. 

Aa  phojiphoric  acid  is  also  precipitated  by  the  mercnric-nitrate  solution. 
iiiU  tnu^l  bu  rmnoved  from  tlio  urino  by  the  addition  of  a  baryta  solutioa 
before  titration.  Pfluukh  also  suggested  that  the  acidity  produced  by  the 
mercury  Holation  be  neutralized  during  titration  by  the  Mldition  of  a  gods 
solution.     Tho  lii|uids  necessary  for  the  titration  are  the  following: 

1.  Mercuric  yUritie  t^uliction.  This  solution  is  calculated  for  a  *i%  am 
solution,  atid  *2<>  c.c.  of  the  first  should  correspond  to  10  c.c.  of  the  latter. 
Each  c.c.  of  the  mercury  solution  corresponds  to  0.01  grm.  urea.  As  i 
email  excess  of  ITgO  is  necessary  in  the  nrine  to  make  the  final  reaction 
(with  alkali  carbonate  or  bicarbonate)  appear,  each  c.c.  of  the  mercarr 
solution  must  contain  [J.0?7'i  instead  of  O.OTao  grm.  HgO.  Tho  mercury 
eolntion  contains  therefore  77.2  gnns.  IlgO  in  one  litre. 

The  ioliilloii  niAy  be  pre[>ured  from  )ttir«  merctity  or  mercuric  oxide  by  dlvulvlnc 
Id  iiiiHo  acid.  The  ftoltitloit,  frred  ha  completvly  as  po«sit>1e  from  sn  excess  of  ndil.  if 
ililiitail  hy  llir  carffiil  ulililion  of  walvr.  »Urriiig  iiiviinwliile,  iinril  ii  liiu  n  sprciflt? 
£Tav1iy  o(  1.10,  or  a  Utile  liighcr.  nc  +  SO*  C.    Tbc  aolutioo  U  UAodudlzed  wlUi  a  9f 
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Boliiiton  rti  pure  urcA  which  baa  hern  dried  nver  •ulpTiiiric  acid,  and  the  npcratlrMi  con- 
ducted u  wiil  be  dtscdbMl  Imvr.  If  tke  tr'jiuti'ju  ix  luo  cuuccutriiUd,  U  ia  currer-ted  by 
the!  oiirrriil  addillua  uf  ibc  iivci-ssary  nniuunt  iif  WHtrr,  avuidiufr  nrpclpiinlion  of  biu^ 
Mil,  aod  tliraiing  a^'aln.  Tlie  soLiitton  is  cnm-ct  if  IS  8  c.  c.  oi  U.  nddvil  at  once  to 
10  c.  c.  of  tbe  utt-a  soltilioii  nuil  tlie  riecetutary  qtjHuily  of  norma]  soda  Milutioti  (11-12 
c.  c  nr  more)  to  itivtly  ronip]c(c1]r  iicutmliKe  tlit-  Ifqiiid,  ^ves  lite  flnnl  rcnciiuD  when 
exactly  20  c.  c.  of  llic  morcury  eolutiou  bae  been  enijdojild. 

2.  Baryia  Solution.  Tbis  consists  of  1  toI.  barium-DitnLlc  and  2  vols. 
Iiariiira-hydrttto  solution,  Itoth  satnmtcd  at  ttio  ordinary  ten]})eratiire. 

3.  Normal  Soda  Solution.  This  solation  contains  H'i  pmis.  pnre  anhy- 
drous Boiliiim  cnrbonate  in  1  litre  of  wal*r.  Acronliiig  to  Ppll'ueh  a 
snintion  liavlD^  a  specific  grnvity  of  1.053  ia  entiicient.  The  amount  of  tins 
Bwla  tjohition  necessary  to  completely  neutralize  the  acid  set  free  iluniij;,'  tlw 
titration  is  determined  by  titrating  wltii  a  pure  "Hi  area  solution.  Ta 
facilitate  operations  a  lal>le  can  be  made  showing  the  qtmntity  of  soda  aoln- 
tion  necessary  when  from  10  t«  3n  c.c.  of  the  nierenry  sohition  is  nsed. 

Before  the  titration  the  follonring  must  he  considered.  The  chlorides  of 
t)ie  orioe  interfere  with  the  titration  in  that  a  part  of  the  mercuric  nitrat« 
is  transformed  into  mercaric  chloride,  trhich  does  not  precipitate  the  ureJL 
The  chlorides  of  the  urine  are  therefore  removed  by  aHilrer-niCnite  solution, 
whicli  also  remores  any  bromine  or  iodine  combinations  which  may  exist  in 
the  urine.  If  t)ie  urine  contains  proLeid  In  noticeable  amonnts,  it  most  be 
removed  hy  coagulation  and  tlie  addition  of  acetic  acid,  but  cnre  must  be 
taken  tliat  the  concentration  and  the  volume  of  the  urine  are  not  changed 
dnring  these  ojteratioits.  If  tlie  urine  coniains  aninioiiium  <-arbouate  in 
notable  qnantitics,  caused  by  alkaLino  fcrmcutation,  tliie  titration  method 
cannot  be  applied.  The  same  is  true  of  urine  containing  leiicin,  tyrosin,  or 
medicinal  preparations  precipitated  by  mercuric  nitrate. 

In  caeei  where  the  nrine  is  free  from  protcid  or  sngar  and  not  specially 
poor  in  chlorides,  the  rjuaiitity  of  urea,  and  also  the  approximate  rjuantity 
(rf  mercuric  nitrate  necei<sary  for  the  titration,  may  ho  learned  from  the 
specific  gr.iviLy.  A  specific  gravity  of  l.OIO  corresponds  to  about  10  p.  m,, 
a  specific  f^raTity  of  1. 015  gcneraily  somewhat  loss  than  t.l  p.  m.,  and  a. 
sjiecific  gravity  of  1. 015-1. 0'^O  about  15-20  p.  m.  urea.  With  a  specific 
gravity  higher  than  1.020  the  nrine  generally  contains  more  than  20  p.  ni. 
of  urea,  and  a)>ove  this  point  the  Hniount  of  urea  increnaes  much  more 
rapidly  than  the  speciHc  gravity,  so  that  with  a  specific  gravity  of  t.030  it 
contains  over  40  p.  m.  urea.  Fever-urines  with  a  specillc  gravity  above 
1.020  Hometimes  contain  ;i0-40  p.  m.  urea,  or  even  more. 

I'ltEPARATiuv  i-oK  THE  TiTHATioN.  If  B  l»rgo  amoont  of  urea  is  8U 8- 
jwctel  from  a  high  Rpecifx^  gravity,  the  urine  nmsl.  lirst  l>e  diluted  with  a 
carefully  measured  quantity  of  n-ater,  so  that  the  amount  of  nrea  is  reduced 
betotv  30  p.  m.  In  a  special  portiou  of  the  same  urine  the  amount  of 
chlorides  ia  determined  by  one  of  the  methods  which  witl  be  given  later,  and 
the  number  of  c.c.  of  silver-nitrate  sohition  necessary  is  noted.  Then  a 
IiLrger  quantity  of  urine,  say  100  cc,  is  mixed  with  one  half  or,  if  this  is 
not  auflicient  to  precipitate  all  the  sulphuric  and  phosphoric  acids,  with  an 
eqnal  Tohime  of  the  l)aryti\  solntion ;  it  is  then  allowed  to  stnnc]  a  little 
while,  and  the  precipitate  is  filtered  throngh  a  dried  filter.  From  the 
AUrate  containing  the  nrine  diluted  with  water  a  proper  quantity,  corre- 
sponding to  about  00  cc.  of  the  original  urine,  is  measured,  and  exactly 
ncutralined  with  nitric  acid  added  from  a  burette,  so  that  the  exact  quantit/ 
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employed  is  known.  Tlie  nentralized  mixtura  of  tirine  anil  barrta  is  tretted 
Trith  the  i)roi>er  quantity  of  silver-nitrate  solntion  Tiec«»aary  to  completely 
precipitate  the  uliloriiles,  which  was  itJ4(^rlaitieil  by  a  previous  detoriuiiur 
tioD.  The  mixture,  contuiiiiiig  a  known  volnnie  of  urine,  ir  nov  Altered 
throngli  n  dricil  Biter  into  a  lliisk,  and  from  the  filtrate  an  aniouut  is  meu- 
ured  corresponding  to  10  c.c.  of  the  original  nrine. 

KxKcrTiciN  OF  TiiK  TiTttATioN.  Xcarlj'  the  wliole  qnantity  of  mercnric- 
nitrate  eolntion  to  be  naed,  and  which  is  kiioum  from  the  specific  gravity  of 
the  urine,  is  added  at  ouce,  and  iiiinie<iiat«Iy  afterwards  the  qnantity  of 
soda  Bolutiou  necessary,  as  indicated  by  tbe  table.  If  the  mixture  becomes 
yellowish  iu  color,  then  too  cnich  mercary  »olutioti  has  been  added  and 
another  detcrniinntion  must  be  made.  If  the  test  remains  white,  and  if  a 
drop  taken  out  and  placed  on  a  glass  plate  with  a  dark  baoktrronnd  and 
stirred  witli  a  droji  of  u  thiti  jniHte  of  sodium  biijarboiiate  does  not  gire  & 
yellow  color,  the  addition  of  mercary  eoliitJon  is  continned  by  adding  }  and 
then  iV  '^■'^■'  *"'^'  testing  after  each  addition  in  the  following  wav:  A  dn^ 
of  the  mixtare  ia  placed  on  a  glaas  plate  with  a  dark  backgroand  beside  a 
small  drop  of  the  bicarbonate  paste.  If  the  color  after  stirring  the  two 
drops  together  is  still  white  after  a  few  seconds,  then  more  mercnry  solntioii 
must  be  added;  if,  on  the  contrary,  it  is  yeUowish,  then — if  not  too  mocli 
mercurii'  solution  has  been  added  by  inattention — the  result  to  yi  cc.  bat 
been  fonnd.  By  this  approximate  determination,  which  is  sufficient  la 
many  cases,  we  have  fixed  the  minimum  amount  of  mercury  solution  nece«- 
sflry  to  Hdd  to  the  quantity  of  urine  in  qnestinn,  and  we  now  proceed  to  tbe 
£nnl  determination. 

A  second  qnantity  of  the  filtrate,  corresponding  to  ID  c.c.  of  the  original 
tirine,  is  filtered,  and  tbe  same  qnantity  of  mercury  solution  added  at  od« 
time  as  was  fonnd  necessary  to  produce  tbe  iinal  reaction,  and  immediately 
after  the  corresponding  amonnt  of  soda  solution,  which  nmst  not  indicate 
the  end  of  the  reaction.  Then  add  the  mercury  solution  in  -^^  c.c.  withont 
neutralizing  with  soda,  until  a  drop  taken  out  and  mixed  with  Oie  sodi 
solution  gives  a  yellow  coloration.  If  tbia  final  reaction  is  obtained  after 
the  udditio2i  of  0.  \-\>.'i  c.c,  then  the  titration  may  bo  considered  as  fini<fhed. 
If,  on  the  contrary,  a  larger  (juanticy  is  necessary,  the  addition  of  tbt 
mercury  solution  must  be  continued  until  a  final  reaction  is  obtained  witb 
simple  carbonate,  and  the  titration  repeated  again,  adding  the  qnantity  cf 
mercnry  solution  used  in  the  previons  test  at  one  time,  and  also  adding' ths 
corresponding  amonnt  of  soda  solution.  If  we  obtain  the  end  roacliun  by 
the  addition  of  ^g  c.c,  we  may  consider  the  titration  as  finished. 

If  in  each  titration  a  qnantity  of  filtrate  containing  urine  and  haryta 
corresponding  to  10  c.c.  of  the  original  urine  ia  used,  then  the'calcolatiom 
are  very  siniplc,  since  1  c.c.  of  mercnric-nitrate  solution  corres]>ond8  to  O.Ol 
grm.  of  area.  As  the  mercury  solution  ia  made  for  a  2^  nrea  solution,  andu 
the  filtrate  of  nrine  and  baryta  generally  conUiins  less  nrea  (if  the  quantity 
of  nrea  is  abore  2<,  it  is  easy  to  aroid  any  mistake  by  dilating  the  nriue  at 
the  )>egjtining  of  the  operation),  a  mistiLke  ocrnni  here  which  can  b« 
corrected  iu  tbe  following  way,  according  to  PpLOnKK:  To  the  meaenred 
Tolume  of  the  filtrate  from  the  urine  (the  filtrate  with  baryta  after  nentnd- 
ization  witb  nitric  acid,  precipitation  with  silver  nitrate  and  filtration)  tb» 
quantity  of  normal  soda  solution  employed  iit  added,  and  from  thia  sum  tbe 
Tolnme  of  mercnry  solution  used  is  subtracted.     The  remainder  ia  then 
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maltipHed  by  0.08,  And  tiie  product  aabtracted  from  the  noinber  of  cc.  of 
nierctiry  solution  used.  For  example,  if  tlie  filtrate  (nriue  and  barjta 
-f-  uitric  acid  +  silver  nitrate)  measured  35.8  c.c,  and  the  number  of  c.c. 
of  soda  Bolution  aecd  in  the  titration  13.8  cc,  and  the  mercary  solution 
30.5  c.c,  we  have  then  20.5  -  ;{:19.G  —  30..5)  x  0.O8I  =  20.5  -  1.53  = 
18.CC,  and  the  corrected  quantity  ol  mercury  Bolution  is  therefore  18.07  c.c. 
If  the  measnred  c.c.  of  the  filtrate  (in  this  rase  25.8  c.c.)  corresponds  to 
10  c.c.  of  the  original  urine,  then  the  amount  of  urea  is  18.07  x  O.OI  = 
0.  IKy?  =  18.97  p.m.  nrea. 

Ilcaidea  the  nrea  other  nitrogenous  constitnenta  of  the  urine  are  precipi- 
tated by  the  mercury  fmhitinn.  In  tlic  titration  wo  really  do  not  obtain  tho 
quantity  of  nrea,  bnt,  as  I*Fi,rr.p,R  lias  shown,  the  total  rjuautity  of  nitrogen 
in  the  urine  expresaed  as  urea.  As  nrea  contains  40.ti7  p.  c.  K,  tlie  total 
quantity  of  nitrogen  in  tlic  urine  may  be  calcniated  from  the  quautity  of 
una  found.  The  results  obtained  by  this  calculation  correspond  well, 
according  to  Ppluger,  with  the  results  found  for  the  total  nitrogen  as 
determined  by  Kjelhaul's  method. 

Among  the  methods  sugge-sted  for  the  special  estimation  of  nrea,  that  of 
Mobxer-Sjoqvist  is  perhaps  the  most  tmstworthy  and  readily  performed. 
For  this  reason  this  method  only  will  be  given  in  detail,  wliile  we  must  refer 
to  sj>«ciii1  works  for  tho  other  methods,  such  as  Ui'NSEn's  method  with  ita 
many  rnoditiciitions  as  sngu'ested  by  l'Fi.C<iEEi,  UuiiLANn  and  liLEumtEU.' 

Mobh£R'6joqvi8T  Method.'  According  to  this  method  the  nitrogenous 
constituonls  of  the  urine,  with  the  exception  of  tlie  nrea  and  ammonia,  aro 
first  precipitated  by  alcohol-ethcr  after  the  addition  of  a  solation  of  barinm 
chloride  and  barium  hydrate,  and  then  the  nrea  determined  in  the  concen- 
trated filtrate,  after  driving  oti  the  aminonia,  by  Kjkliiaiil's  nitrogea 
estimation. 

The  procedure  is  ae  follows;  Mix  5  c.c.  of  the  nrine  in  a  flask  with 
S  c.c.  eatnrated  liaC]^  eohilion,  in  which  5^  barium  hydrate  is  dissolved. 
Then  add  100  c.c.  of  a  mixture  of  two  parts  9?:^  alcohol  and  1  pjtrt  ether, 
and  allow  this  to  stand  iu  the  clut^d  Husk  overnight.  Tlie  pret^-tpilatc  ia 
filtere<l  olf  and  washed  with  alcohol-ettjer.  The  alcohol  and  etlicr  are 
removetl  from  the  filtrate  by  distillation  at  about  55''  C.  (not  above  60"  C). 
When  the  liqnid  is  rednced  to  about  25  c.c.  a  little  water  and  calnineil 
magnesia  are  added  and  the  evaporation  continued  until  the  vapors  are  no 
longer  alkaline  in  reaction,  whirrli  generally  is  found  before  it  is  concentrated 
to  15-10  c.c.  This  concentrated  liquid  is  transferred  into  a  proper  Hask  hy 
the  aid  of  a  little  water,  treated  with  a  few  drops  of  concentrated  Bulphuric 
acid,  and  further  concentrated  on  the  water-bath.  Now  20  c.c.  pnre  con- 
centrated Bulphuric  acid  is  added  and  the  process  carried  ont  acconling  to 
Kjkldahl. 

KKur-IIPPKKH's  method'  Istiascd  on  llicfart  Ibnt  iinn.  Kt  tlirnctlon  of  eodinru  hypo- 
bronilU'.  NpliU  Into  wnicr,  carbon  ilioxidi;  (which  dUsulvcs  \n  ihc  alkul!).  And  nitrogeu* 
wLiKse  vuliitue  Is  uit'tuureil  \akx  (nigu  410).  Tliltt  iiiHhuil  i»  Ii-jw  Kcvunilu  ihku  Ihv  pro- 
oetling  ones,  and  iln-nrforL-  in  HCicntific  wdrk  it  is  (MsrardciL  h  is  of  vnliir  lo  ilic  p^J■ll^- 
ciaii  aud  tor  practlciil  purposcit,  hecauM  of  Itit;  litAv  aud  m])ldit>'  with  vthich  ll  may  be 

>  PflDger's  Arcli..  Bdd.  88,  iZ.  >ui<l  -U. 
•  Stand.  Arcb.  1  PhyMol  .  Bd,  2. 

■  Eaop,  2el!8clir.  f.  uualyt.  CJinii.,  Bd.  0 ;  HOfnor,  Jour.  f.  prakL  Cbetn.  (N.  F.}. 
Bd.  8.    Bee  also  Hupperl-XcnlHiurr.  lO.  Aufl.,  S.  804,  etc. 
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performed,  eveo  ttiough  It  m&y  not  glvo  very  n(-ciiritte  results.  For  practical  piirpMc* 
n  wtIks  of  dittcreiu  spnaralUB  liiive  liten  ciiiiBtnicieil  In  ftirlHUilc  tlie  use  of  lIiU  mciboi]. 
Auoug  lbc«c  EuuLCK  s  ureometer  dcftcrrm  lo  be  especially  mt-otloDcd,  nod  also  Etntn* 
LIHQK  B '  a[>|Wr(itU3. 

For  the  qumitiCatire  estimittion  of  urea  in  blood  or  other  animal  llaidt, 
Ofi  well  as  in  the  tisanes,  ScuOndouff  has  proposed  a  method  where  the 
proteiila  and  extractives  arc  tirst  precipiUited  by  a  mixture  of  phoaplio- 
tuugstic  acid  and  hydrochloric  acid,  and  then  the  filtmte  made  alkaline 
urith  lime.  The  quantities  of  amnioiiia  fonne<l  on  heating  n  part  of  thia 
filtrate  to  150°  C.  with  phoephoric  acid,  and  the  qnantitr  of  carbon  dioxide 
produced  by  lieatiiig  the  other  j«irt  to  150°  C.  are  determined.  In  rt^anl 
to  the  principles  of  this  methoil,  as  well  as  to  the  details,  we  refer  to  the 
original  article  (Pi'lOoek's  Arch.,  ltd,  6'4). 

Cubamic  Aeid.  IIiN.COOU.  This  acid  is  not  knowu  in  Uie  free  stale,  but  oolr  u 
mils.  AiiiHMiiiiiim  cailminnte  is  pmilur^-'il  by  the  ncUnn  of  dry  nmrnoDiA  oti  dry  caiWKi 
tlioxWe.  Carljauiic  iictd  fs  Jil«o  iiniduwd  bv  tlie  actlOQ  of  potawium  i>enimiigimttte  oa 
proteid  nnil  wvcnil  olhtT  uilrogcnuus  urgrnnc  bmiii-s. 

We  liave  nli-cAcIy  ipiikeii  nf  ilie  oci^iinenrc  of  carbuDilc  add  ia  bumao  and  aiilnul 
nrines  in  cuiiiif^ctiim  wftU  tho  [otmiitlitii  of  urea.  Tim  iiilduni  snLt.  wliicli  is  suluble  In 
water  aud  iuiiiiioiiIa  but  iiiiwliilile  iti  nlcobol,  h  most  Iniporluut  In  (lie  dctectioo  of  ibM 
ack).  Tlie  soliiliuH  of  Ihc  calcium  salt  1u  waler  becomes  cloudy  oo  standbig.  but  much 
qtiickcr  uti  Imillit;:.  niid  c-itlduin  c/trboniLle  Kcpnralea  Xoi.p*  bos  recently  made  foveiAl- 
gfttioio)  on  llic  ffttmfitlon  niul  dclcctlon  nf  rarbamlc  neW. 

Carbmaie  aciti  itfit/Ietter  {uiaMttM),  oa  nbowD  by  JArrt.*  mmy  pHSe,  by  tho  mutual 
action  of  nicotiol  huu  iirai,  iaio  the  alcubulic  cstnict  o(  tlic  urioo  wbeti  working  wtth 
large  qiinoliUea  of  uriti«. 

Creatinin,  C^H.N.O,  or  Ml  :  C<r -j...,.,  .  a,.  ,  is  generally  considered 

aa  the  anhydride  of  ereatin  (dee  page  330)  found  in  the  mascles.     It  ocoun 

in.  hnman  nriue  and  in  tltat  of  certain  nianmialia.     I(  has  also  been  found 

In  ox-blood,  milk,  tboagh  in  rery  sniall  anionnts,  and  in  the  ilesU  of  cerfaua 

fialics. 

JohnsoD'B  Btnlemeut  tbat  Ibe  creallulD  of  the  iiriD^  Is  dlfitirciil  from  thiii  pmdimtl  by 
llic  iiclluii  o(  wUh  on  rinatlti  \h  hirorrecl  ncoording  tu  Tori^unii  a'ld  PoMMKRBnJili 
WocitXEa  and  Tii£l::>'.' 

The  quantity  of  creatinin  in  hnman  nrine  is,  in  a  grown  man  voiding  a 

normal  quantity  of  urine  in  the  course  of  aday,  0,6-1.3  grms.  (^euraces), 

or  on  an   aTerago  1   grm.       .Ioiissojt'  found   1.7-2.1   grms.    per  day. 

The  quantity  ia  dependent  on  the  food,  and  decreases  in  starration.     Sad- 

lings  do  not  generally  eliminate  any  creatinin,  and  it  only  api>ears  in  th* 

nrine  when  the  milk  is  replaced  by  other  food.     The  qnanti^'  of  creotinia 

in  nnne  varies  as  a  nile  wjtli  the  quantity  of  urea,  although  it  ia  increased 

more  by  meat  (becanae  the  meat  contains  ereatin)  than  by  proteid.    Gitocoo 


'  Id  regard  to  the  Torlous  modlficnilnns  of  ICnop-IlQ flier's  loethod  we  Simon,  Cllnlcil 
Siagnoeis,  Sd  cd.;  also  BObtliu^'k,  An-h.  i-xp.  de  St.  Pctersbourg.  Totnc  8. 

'  Zclt^chr.  f.  physlol.  Cbem,.  Bd.  28. 

*  Ihid..  Bil.  14. 

*S.  .Toliii»oa.  Priwrecd.  Roy.  Soc,  Vols.  43,  43  ;  Ciiem.  News.  Vol.  aS;  Topp«)iuiuid 
FottiuicnshTie.  Arrti.  f.  Pbnrin.,  B4I.  2H4  :  Wwroer,  I)u  Koir- Hey  mood '■  Arcbl,  18SB. 

*£lupperl-Neubauer,  UaniaDalyte,  10.  AuS..  &.  887. 
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and  MorrESSiBR  cUim  thftt  tlie  eliminition  of  ereiitiiiin  ie  incraoaed  by 
mQecoiar  activiCj,  bot  according^  to  0dpi  and  Tarulli  *  this  ie  only  true 
for  excessive  activity.  The  t>ehHvior  of  crealiuiii  in  dineaae  is  little  kuowQ. 
By  iQCreased  metaboliem  the  amount  is  increased,  while  by  decreased 
exehanf^e  of  material,  as  in  atuemia  and  cachexia,  it  is  dimiaished. 

Creatiiiin  crystallizes  in  colorless,  shining  nionoclinic  priitms  which  diSer 
from  Croatia  crystals  in  not  becoming  white  with  loss  of  water  whcu  lieated 
to  100°  C.  It  disaoWes  in  U  parts  cold  water,  but  more  easily  in  warm 
water.  It  is  diflicnltiy  soluble  in  cold  fUcoboI,  bat  the  etiitenients  in  regard 
to  its  solabilitiee  itifl'er  widely.'  It  is  more  soluble  in  warm  alcohol.  It 
is  nearly  insoluble  tn  ether.  In  alkaline  solntion  creatinin  is  converted 
into  creatin  very  easily  on  wanning. 

Creatiniu  gives  an  easily  soluble  crystalline  combination  with  bydro- 
chlorio  acid.  A  solntion  nf  creatinin  aoidified  with  mineral  acids  gives 
crystalline  precipitates  with  phospho-tnngstic  or  phospho-molybdic  acids 
eren  in  very  dilute  sotntiouB  (1  ;  10,000)  (K^kneh,  Hufmeistbu*).  Itia 
precipitated,  like  nrea.  by  mercnric-nitrate  solntion  and  also  by  mercnrio 
chloride.  On  treating  a  dilnto  creatinin  solntion  with  sodinm  acetate  and 
then  with  mercnrio  chloride  a  precipitate  of  glassy  globnles  having  the 
composition  -l(CjH,N,O.I[Cl.IIgO)3ngClj  separatee  on  standing  some  time 
(JoiiNSOy).  Among  the  oompoands  of  creatinine  that  with  zinc  ohloride, 
ermtinin  zinc-chloride,  (C,II,X,0),ZnCI,,  ii  of  special  interest.  This  com- 
bination is  obtained  when  a  sulticieatly  concentrated  solution  of  creatiuin  in 
alcohol  in  treated  with  a  concentrated,  faintly  acid  Holution  nf  ^inc  cliluride. 
Free  mineral  acids  dissolve  the  combination,  hence  they  must  not  lie  present; 
this,  however,  may  be  prevented,  when  they  are  present,  by  an  addition  of 
sodinm  ac«tate.  In  the  impure  state,  as  ordinarily  obtained  from  nrine, 
creatinin  zinc  chloride  forms  a  sandy,  yellowish  powder  which  nnder  the 
microscope  appears  as  tine  needles  forming  concentric  grotips,  mostly  com- 
plete rosettes  or  yellow  balls  or  tnft«,  or  grouped  as  brnshea.  On  slowly 
oiTstallixing  or  when  very  pnre,  more  sharply  defined  prismatic  crystals  are 
obtained.     This  combination  is  sparingly  soluble  in  water. 

Creatinin  aots  as  a  reducing  agent.  Mercnric  oxide  is  reduced  to 
metallic  mercor}',  and  oxalic  acid  and  methylguanidin  (metbyloramiu)  are 
formed.  Creatinin  also  rednces  copper  hydroxide  in  alkaline  solniion, 
forming  a  colorless  soluble  combination,  and  only  after  continuous  boiling 
with  an  excetts  of  copi>er  salt  is  free  suboxide  of  copper  formed.  Creatinin 
interferes  with  Tboumek's  test  for  sugar,  partly  because  it  has  a  Tedncing 


>  tirocco.  see  Haly's  Jabresber.,  Bd.  16 ;  MoUasder,  ibid..  Bd.  21  ;  Oddi  and  TftniUl, 
ibid.,  Bd.  U. 

*  Bee  Huppcrt-Neuhftuer,  10.  Auft.,  uid  Hoppe-8eyler'a  Ilaudburh,  6.  Aufl. 

•  Eener,  Pfliiger'i  Arch..  Bd.  2 :  HofmeUtsr,  Zeliichr.  f.  pbyiiol.  Chem.,  Bd.  9. 
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action  and  partly  by  jetaicing  the  copper  Boboxide  in  eolation.  Tlie  oom- 
bination  with  copper  suboxide  ie  not  soluble  in  a  satn  rated -soda  soIntioD, 
aiul  if  a  little  creatinin  is  (1isiH>lveil  in  a  cold,  saturateil-soda  solntion  and 
tben  a  few  dropB  of  Kehlino^s  reagent  added,  a  white  Hoccnlent  corobint- 
tion  separates  after  heating  to  5i>-C0''  C.  and  then  cooling  (v.  Maschke's' 
reaction).  An  alkaline  bismuth  solution  (aee  Sngar  Tests)  ia  not  rednced 
by  creatinin. 

If  -we  add  a  few  drops  of  a  freshly  prepared  rery  dilnte  iodinm  nitro- 
prnaside  (sp.  gr.  1.003)  to  a  dilute  creatinin  solntion  (or  to  the  nriue)  aiuI 
then  a  few  drops  of  canstio  soda,  a  rnby-red  liqnid  in  obUiiued  which  qnicklj 
turn*  yellow  again  (Weyi.'s*  reaction).  If  the  cooled  yellow  solnlion  t« 
nentralized,  and  treated  with  an  eiccsa  of  acetic  acid  a  crystalline  precipi- 
tate of  a  nitroso  compound  (C,n,N,OJ  of  creatinin  separatea  on  stirring 
(Kbamm').  If,  on  the  contrary,  the  yellow  solntion  is  treated  with  an 
excess  of  acetic  acid  and  heated,  the  solution  becomes  first  green  and  then 
blue  (Salkowski*);  finally  a  precipitate  of  Prussian  bine  is  obtained.  If* 
solution  of  creatinin  Iti  water  (or  urine)  is  treated  with  a  watery  solntion  of 
picric  acid  and  a  few  drops  of  a  dilute  caustic-soda  solution,  a  red  coloration 
lasting  several  bonrs  occurs  inunediately  at  the  ordinary  temperatnre,  and 
whioli  turns  yellow  on  the  addition  of  a<ud  (Jaffe's' reaction).  Acetone 
gives  a  more  reddish-yellow  color.  Grajie-sugar  gives  with  this  rMgent  a 
red  coloration  only  after  heating. 

In  preparing  creatinin  from  nrine  tho  creatinin  7lnc  chloride  is  flnt 
prepared  according  to  NEUBAUKn's'  method.  One  litre  or  more  of  urioe 
is  treated  with  milk  of  lime  until  alkaline  and  then  CaCI,  solution  until  all 
the  phosphoric  acid  is  precipitated.  The  filtrate  is  evuporated  to  a  symp 
after  faintly  acidifying  witli  acetic  acid  and  tins  treated  while  still  warm 
with  'J74  alcohol  {about  200  c.c.  for  each  litre  of  unue).  After  aboot  12 
hours  it  is  littered  and  the  filtralo  treated  lirst  with  a  little  eodinni  aceUta 
and  then  with  an  acid-free  zinc-chloride  solution  of  a  specilic  gravity  of 
1.20  (about  200  c.c.  for  each  litre  of  urine).  After  thorongn  stirrinf 
it  is  allowed  tu  stand  48  honrs,  the  precipitate  collected  on  a  filter  and 
waslied  with  alcohol.  The  creatinin  zinc  chloride  is  dissolved  in  hot  water. 
boiled  with  lead  oxide,  filtered,  the  filtrate  decolorized  by  animal  channnl, 
evaporated  to  drynesa  and  the  residue  extracted  with  strong  alcohol  (whiefa 
leaves  tho  creatin  nndissolred).  The  alcoholtc  extract  ia  evaporated  to  tb« 
point  of  crystallization,  and  the  crystals  purified  by  recrystallization  from 
water. 

Creatinin  may  also  be    prepared   from   nrine    by  precipitating  wili 

'  Zeitscbr.  f.  aimlyl.  Cbem..  Bd.  17. 

■  Bcr.ii.  tieiititcli.  cbem.  Gcscllkch.,  Dil.  11. 

■  Ctntrtlbl.  f.  d.  med.  Wl»eii»cli.,  1897. 

•  Zeltschr.  f.  physlol.  Chem.,  Bd.  A,  S.  188. 

•  Jbid..  Dd.  10. 
•Ado.  a.  Cliem,  u.  Pbann..  Bd.  U9. 
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mercnric-chloride   aolntion  according  to   either  Kaly*b  or  Johsson'r 

process. 

The  (luantitidiit  estiritation  of  treat tnin  may  be  performed  according  to 
Necdalek's  nietliod  for  the  preparation  of  creotinin,  or  more  simply  bjr 
Salkoxv.ski's'  mod  ill  cation  of  this  method.  240  c.o.  of  the  urine  freed  from 
proteid  (by  boilio^  with  iioid)  aud  from  sugar  (by  fennentation  witli  yeut) 
arc  alkalized  with  milk  of  lime^  and  preoipitated  by  CaCl,  and  fjilcd  np  to 
30Q  C.C.  250  c.c.  (=  200  C.C.  urine)  are  measured  of!,  neutralized  or  made 
only  faintly  acid  with  acetic  acid  and  evaporated  to  about  20  c.c,  then 
thoroRghly  stirred  with  an  eqnal  rolame  of  absolote  alcohol,  and  then  com- 
pletely transferred  to  a  lOO-c.c.  flask  wliich  contains  Dome  alcohol,  the 
residne  in  the  (Hah  being  waslied  with  alcohol.  On  thorongh  shaking  and 
cooling  the  llaak  is  tilled  to  the  100-c.c.  murk  with  al>sulute  alcohol  and 
allowed  to  stand  24  hoiirs,  SO  c,c.  (=  I'jO  o.e.  nrine)  of  the  Jiltrato  are 
collected  in  a  beaker-glass  and  treated  with  0.5-1  c.c.  zinc-chloride  solution, 
and  the  covereil  b«uker  is  left  stutidiiig  in  a  cool  place  for  two  or  tliree  davs- 
The  precipitate  is  collected  on  a  smaEl  dried  and  weighed  lilter,  usini;  the 
filtrate  to  wash  the  crystals  from  the  beaker.  After  allowing  the  crystals  to 
completely  drain  of!,  they  are  washed  with  a  little  alcohol  nntil  the  filtrate 
gives  no  reaction  for  chlorine,  and  dried  at  lOO''  C.  100  parts  creatitjin 
zinc-cldoride  cotitain  02.44  parts  croatinin.  As  the  precipitate  is  never 
qaite  pure,  the  tpiantity  of  zinc  mast  bo  carefully  determined,  in  eiact 
ex])eriments,  by  evaporating  with  nitric  acid,  heating,  wasliirig  the  oxide  of 
zinc  with  water  (to  remove  any  MaCl),  drying,  heating,  and  weighing. 
22.4  parta  zinc  oxide  correspond  to  100  parts  creatiniu  zinc  chloride. 

Koi.iscn'  also  precipitates  with  milk  of  lime  and  t'aC'l, ,  filters,  makes 
the  filtrate  faintly  acid  witli  acetic  acid,  evaponitea  to  synip,  and  extracts 
with  idcohol.  A  measured  volume  of  the  alcoholic  extract  is  precipitated 
with  au  alcoholic  solution  of  mercnric  chloride  containing  acetic  acid.  The 
nitrogen  ia  determined  by  Kjei-dahl's  raothod  in  tho  precipitate  carefiilly 
washed  with  absolute  alcohol  containing  a  little  sodium  acetate  and  a  few 
dro|i8  of  acetic  iu:id.  On  multiplying  the  quantity  of  nitrcgen  1>v  2. CD  we 
obtain  the  quantity  of  creatinin.  The  mercuric  chloride  solution  consists 
of  30  parts  mercuric  chloride,  1  i>art  awliuni  acetate,  3  drops  glacial  acetio 
acid,  and  125  parts  absolnte  alcohol. 

XauthoenfttlnlB,  (',II,„N,<).  Tliis  bniy,  vthlc.h  wa.<i  first  prepnn>it  from  meat  es- 
tracl  by  GxUTiEK.  lui'-  bwu  foutul  hy  Mokajii  in  <log>  iirlnc  lifter  lliv  itijecOou  I'f 
cre.-illiilt)  inio  tiin  aliilijiiiiiml  cnvity.  biiiI  in  litiiiian  urine  afttrr  svvcrul  liours  t>f  ^xliuiist- 
(og  nmroliiiig.  Accoiilfng  io  Coi.AaANTi  !l  iHTur.i  u>  a  relailvelj  grcaipr  exietit  In  li.>n  b 
unnv.  I^TAnTHAOHN'  cuOHiiiera  ttie  s»ntlii>cr«nllDlu  laoluteJ  froiu  liuiuaii  uriue  after 
KlretiuotiH  mii)u;u1nr  nctivlty  m  Impure  creniinln. 

Xttuth<>creai[ti)ii  formii  iliiu  sulphur- yd  low  plat«s.  Bimflnr  lo  cbolesteHu,  wbicb  liuvo 
a  bitter  titslf.  It  dlMnlviH  in  r'>]<l  wnler  iiiiil  in  utculiol.  and  eivra  a  cryxlnllitir  cnntlii- 
ti&tlou  willj  hy<t roc h tori r  uciit  nnd  n  double comiioiinil  with  go\d  tind  pUttnnm  chlorMe. 
H  );lvvs  II  CDiultiuuiiun  witli  ziuc  cLloiride.  wlilcli  ciyatulllzvs  iu  line  ueeiDea.  Xaulliti- 
creatlniu  bos  u  t*<Jtsi>auus  iiciloD, 


>  Mt\y.  Aanal.  d.  Cbcin.  u.  Pbarm.,  Rd.  ISfi:  Johosou,  ProcciHl.  Roy.  Boc.,  Vol.  48. 

■Zelt>ctir.  r.  phyainl,  Clivm.,  HM.  10  nod  14. 

•  Centmlbl.  i.  iiiDero  Med..  lHfl5. 

*  Oanlier.  Kiill.  de  I'aow].  do  nin).  (!}),  Tome  5,  and  Bull,  de  la  Soc.  (Them  (3).  Tome 
48-,  Muaorl.  Maly's  Jabre«ber.,  lid.  17;  Colunnll.  Arch.  ila).  d.  Bio1«>gie,  Tome  Jft, 
Fuc.  8 :  gUultbagCD.  Zelischr.  f.  kiln.  Med.,  ild.  IS. 
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I       II    ::r=CO.    TJrio  ftoid,  which  is  ft 
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diureid  of  »  trioxfacryUo  acid,  ig  closely  allied  to  the  nnclein  bases  (Me 

Chapter  V)  and  may  be  designated  tu  2,  G»  8  trioxypnrin  (£.  Fischbr). 

Uric  acu]  bu  beoo  ayntbL-lically  preptired  by  HoRBACzEmBKi'  lo  serenl  vrtji 
On  fusing  urea  and  glyrocoU.  uric  nrld  la  formnl  sccoidiiig  (o  tlj«  formiik 
3C0N,U.  +  Cai^0.  =  C.H:4N.O,-i-2H,0  +  8NH..  aud  in  lhi»  rciicllon  bydantoia 
■ud  ))iuri;t  Hm  torinec)  oaiDterniediiLie  ptodiicls.  He  also  ubiuiui-d  uric  acid  oa  hcatloK 
tricLloi'i-luclic  ucid.  or  etiU  bcucr  iricblot-tjictic  acid-amid,  vhh  ta  exctan  of  urea.  U 
WD  [-liiuiuiile  frotn  (be  reACtioo  the  nuioerous  by-products  (cvaourlc  ncid,  nrboa 
dioxide,  etc.),  iIipd  tlils  r>niMsii  may  be  expreaKd  by  tbe  formula  GiCl.ll,0,lf + 
8CON,H.  =  C.H.N.Oi  +  H.O  +  NH.Cl  +  2UC1. 

E.  FmCHKR  Buii  Ac»  '  liuvK  ]in-|wirfd  uHcncid  from  paendouHc  add,  which  IB  richer 
in  on«  moltfcule  of  waicr  ihau  ordluary  uric  acid,  by  lieutlcg  to  145'  C.  wiUi  oxalic  aeUL 

On  BtroQglj  heating  aric  aoid  it  decomposes  with   the  formation  of 

rBKA,  HTDROCTANIO    AOID,    CTAUrRIC    ACID,  and    AUVOKTA.       On   hestlDg 

irith  concentrated  hydrochloric  acid  in  sealed  tnbea  to  170"  C.  it  splits  into 
OLYCOCOLL,  CARBOX  DioxTDE,  and  AMMON'iA.  By  the  actioD  of  oiidixiog 
agenta  splitting  and  oxidation  take  place,  and  either  mononreids  or  dinreidi 
are  produced.  By  oxidation  with  lead  peroxide,  carkok  dioxide,  oxauc 
Aciri,  rnEA,  and  allantoic,  which  last  ia  glyoxyldioreid,  are  prodaoed 
(see  below).  By  oxidation  with  nitric  acid  in  the  cold  urea  and  a  mono- 
nreid,  the  meBOxalyl  nrea.  or  alloxan,  are  obtained,  C^IT.N.O, -f  0 + 
11,0  =  C,H,N.O,  -f-  (NH,),CO.  On  warming  with  nitric  acid,  alloxan 
yields  carbon  dioxide,  and  oxalyl  nrea,  or  pahabanic  acid,  C,H,N,0,,  By 
tbe  addition  of  water  the  parabanio  acid  passes  into  oXALrnto  acid, 
C,Ii,N,0.,  traces  of  which  arc  found  in  the  urine  and  which  easily  split  into 
oxalic  acid  and  nVea.  In  alkaline  solution  uric  acid  may,  by  taltiDg  np  water 
and  oxygen,  be  tianaforaied  into  a  new  acid,  uroxauio  acid,  C,H,N,0,, 
which  may  then  be  changed  into  oxonic  acid,  C,H,N,0,.' 

Uric  acid  occnrs  most  abandantly  in  the  nrine  of  birds  and  of  scaly 
amphibians,  in  which  animals  the  greater  part  of  the  nitrogen  of  the  nrioe 
appears  in  this  form.  Uric  acid  occurs  frequently  in  the  urine  of  carnir- 
orons  niamnialia,  bnt  is  ftonietimea  absent;  in  nrine  of  herbirora  it  ii 
habitually  present,  thongh  only  as  traces;  in  hnman  urine  it  oocnn  in 
greater  but  still  small  and  variable  anioncts.  Traces  of  nric  acid  are  alto 
found  in  eereral  organs  and  tis&aeR,  as  in  the  spleen,  lungs,  heart,  pancrest, 
lirer  (especially  in  birds),  and  in  the  brain.  It  habitnally  occurs  in  tbe 
blood  of  birds  (Meissncr).     Traces  have  been  found  in  hnman  blood  under 

■  >foiiaUtbcfiBf.  Cbem.,  BdJ.  B  and  S.  See  bIao  Behrend  aod  Roomd,  Bcr,  d.  dwiUCh. 
Cbetu.  QcHelladt..  Bd.  21.  S.  999. 

<  Ik-r.  (1.  ik-uurli.  diem.  OcsellKli..  Bd.  28. 

■  Sec  Suudwik.  Zcliwbr.  f.  pliytlol.  Cbem..  Bd.  So. 
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normal  oonditioua  (Abeles).  Under  pathological  conditions  it  occnn  to 
an  increased  extent  in  the  blood  in  pneumonia  and  nephritis  (r.  Jaxsch' 
and  others),  hut  also  in  lenca<niia  and  arthritis.  Uric  acid  also  occurs  in 
large  quantities  in  '*  chalk-stones,"  certain  nrinarj  calcnil,  and  in  guano. 
It  h&a  also  been  detected  iu  the  urine  of  insects  and  certain  snails,  as  ulso 
in  the  wiugfl  (trhich  it  colors  white)  of  cortain  butterBios  (IIoi'Kxxs*). 

The  amount  of  nrio  acid  eliminated  irith  human  nrino  is  subject  to 
«onBiderabIe  individual  Tariation,  but  amounts  on  an  average  to  0.7  grni. 
per  da;  on  a  mixed  diet.  The  ratio  of  aric  »cid  to  nrea  vanes  consider- 
ably with  a  mixed  diet,  bat  is  on  an  average  1  ;  50-1  :  TO.  In  new-born 
infants  and  in  the  Qrst  days  of  life  the  elimination  of  nric  acid  is 
iucreaeed  (Mares),  and  the  relation  between  uric  acid  and  nrea  is 
sbont  1  :  13-14.  Sjii<tviST'  found  the  relationship  in  new-born  infants  to 
Im  1  :  6.43-17.1. 

In  regard  to  tlie  action  of  food  we  know  from  the  obeerrations  of 
Banke,  Makes,  and  others  that  the  elimination  of  uric  acid  is  diminished 
in  atarratiou,  and  that  it  quickly  increases  on  partaking  food,  especially 
proteid  food.  MAiti';3  found  the  minimum  about  13  honn  after  the  last 
meal,  and  a  strong  increase  about  2-5  hours  after  meat  diet.  This  increase 
after  a  meal  rich  in  proteid  Horiuczewski  explains  by  the  digestion 
lencocytosia  (see  below)  which  habitually  appears.  It  is  quite  generally 
accepted  that  the  quantity  of  uric  acid  eliminated  with  vegetable  food  is 
luiallcr  than  with  a  meat  diet,  in  which  case  the  quantity  may  rise  to 
2  grms.  or  over  per  day.' 

The  statements  in  reganl  to  the  iullnence  r^f  other  circumstances,  as  also 
of  diiTerent  boiliea,  on  the  elimination  of  uric  acid  are  rather  contradictory. 
This  is  in  part  dne  to  the  fact  that  the  older  investigators  usod  an  inaccurate 
method  (Ueintz's  method),  and  also  that  tho  extent  of  uric-acid  elimina- 
tion   ia   dependent  in  the  Bret  place  npon  th«  individnality.     Thus   the 


•  Udaaner,  Zcitschr.  f.  rat.  Med.  (8).  Bd.  81,  cllei)  from  Hoppt-Bcylcr'a  PbyHol. 
CliMii,.  8.  482;  AU-Im.  Wit-n-  mtHl.  JslirMlclier,  1887.  died  from  Malys  Jnhre&her. , 
B*I.  17;  V.  Jnkwh.  Uebcr  lifc  klin.  Bi.-<lciitiinK  dt-a  Vorltomtn<n»  dcr  llamsdurc,  elc. 
iPrager  Kestaclirin,  Hcrlin,  IHUO.  g.  79)  ;  ulno  Zcilsclir.  f.  Hvilkumk,  Ud.  U.  aod  (.'en- 
tralbl.  f.  loiitre.  Meil..  189<t.     Se«  n\M  KU-mperer,  DcuucU.  m«I.  Wwht-nscbr.,  1805. 

•  PhllcM.,  TrnciN    lloy.  Woe.,  Vol,  ia«,  p.  8«1. 

'  A  very  go»d  tnlriilar  luinmary  of  tho  vHiiiittoii  (n  the  vltmlimllon  of  uric  sclil.  sod 
liie  niki  uf  lui»l  iiilru^u  to  iirlr-Kcld  nlirogcii,  ii  found  ia  v.  Noonlcn's  I>clirl)iicli  tier 
Paihologk  del  StofTwecItscli.  1898.  S.  M :  ace  also  Mam  Ceolnilbl.  f.  d.  med.  WU- 
•rtiadi.  1888  :  SjlVivlal.  KdhI.  mnl.  ArkJT.  18M.   ' 

•  J.  Hnukc,  Bflobiicbtungeti  uiid  V^rauclie  Ober  die  Auascbeldnng  d«r  IXarniaure.  etc. 
fMUiichon.  I8S8):  Hatei,  I.e.;  HorbiiczcH.-t,kl,  Wi«ii.  Slleiiiie»l>er  .  Btl.  IIH).  Altth.  S. 
1891.  In  reganl  to  tbe  actioa  of  varloiia  dtttis  lite  roiuU-i-  )a  rtfenvd  lo  llio  nbovc-cltcd 
nutbon,  mud  vvpiTiKlly  to  A.  Hi-nuaoD,  Arcli.  f.  kUti.  Mi-d.,  Bd.  43,  aud  Catiiercr,  Zc'It- 
aclir.  r.  Biotogte.  D<i.  38. 
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Ktatementa  in  regard  to  the  action  of  <lrinking>WAt«r*  and  of  alka]iea*ar« 
very  contradictory.  Certain  medicines,  such  as  quinin  and  atropic, 
diminish,  while  otliere,  snch  m  pilocarpin  ami  also,  as  it  aeema,  salicjiic 
aoici/  increaFC,  tlie  ehniination  of  uric  acid.  According  to  Uorhaczewsri  ' 
and  hiB  pupilii  the  first  cause  a  diminution  of  the  number  of  lencocTtec  in 
the  hlood,  while  the  last  CHUse  an  increase  in  the  nuniher. 

Tiittle  i£  known  vi'xih  poRitiveriOKS  in  regard  to  the  elimination  of  nric 
acid  in  disease.  In  acute,  critical  diEeases  the  elimination  of  uric  acid  is 
increased  after  the  crisis;  while  the  older  statements  that  the  uric  aoid  is 
habitually  increased  in  fevers  lias  been  contradicted  by  many.*  The  Btat«- 
ments  in  regard  to  the  elimination  of  urea  in  gout*  and  nephritis*  are  also 
oncertain  niid  contradictory.  In  leucaemia  the  elimination  is  tacraued 
absoliitety  an  well  lis  relatively  to  the  urea  (Hankie,  Salkowski,  FtnismEK 
and  rESTZoi.i>T,  Stadtiiagkn,  Stickkr,  Bouland  and  ScHrnz,'  and 
others],  and  the  relationship  between  tho  uric  ocid  and  urea  (total  nitrogen 
recalculated  aa  urea)  may  ha  even  1  :  9,  while  under  normal  condition*, 
according  to  different  inreatigators,  it  is  1  :  40  to  Gfi  to  100. 

Formation  of  I'ric  Arid  in  the  Orgnnism.  The  formation  of  uric  acid 
in  birds  Is  IncrBased  by  the  adniinistratioii  of  aiiinionia-salts  (v.  SciiitunEli). 
TTrea  acts  in  tlie  Bume  way  {Meyeii  and  Jakkb),  while  in  the  organism  of 
inanmiana  uric  acid  is  more  or  less  completely  conrortod  into  urea,  aa  shown 
by  Woni.ER  and  FnicRiciis*  on  doge.  Mixkowski  olMcrred  m  geeee  vjtb 
extirpiited  livers  a  very  significant  decrease  in  the  elimination  of  nric  iicici» 
while  the  elimination  of  ammonia  was  increased  to  a  corresponding  degree. 
This  iudicates  a  part icii)at ion  of  ammonia  in  the  formation  of  nric  acid  in 
the  organism  of  birds;  and  as  Mixkowski  bos  also  found  after  the  extirpa- 


'  iSoe  ScbOtidorff,  PflUgcr'ii  Arch..  Bd.  46,  which  coduJds  Ibe  pertinvni  literature. 

*  Sec  ChvT.  Cc[)lnin)I.  f.  d.  iiiu^l.  WiMuij»cb..  1888  ;  Hnig,  Joura.  of  PliyBiol..  Vol. 
8;  and  A.  nermann.  Arch.  i.  kUn.  Med..  Bd.  43. 

*gi.-c  Boliljiud.  <jil«d  fKiiH  Maly'8  Jahresbcrr,  Bd.  36. 

*  Wica.  SilJUidgsbcr,.  Bd.  100. 

*  Kce  V.  NoordL'n.  I^chrbiich.  8.  211  ami  813;  EQhiiau,  ZeUnchr.  f.  klin.  Med..  Bd. 
28  ;  Duain  nnd  Nowacri  k,  tfirW.,  Bd.  8S, 

*Sei>  Laqiier,  "  Uber  die  Au&a.cbofdiiDg'sverhillUjIsseder  Al]oxurkOr[ier,"  Wleslmdcn, 
1896;  E.  Preiffer.  Berlin  klin.  Wochcnoehr.  1898;  MagDiift-Lcry.  Aid. ;  Malhltt, 
WIvii   kliti.  WMctjfUschr.  1896;  HU.  Wien.  mwl.  Bllliter,  IflM. 

■  8oe  r.  Jiiksch.  Zflilsclir.  f.  II«l1kuiide.  Bd.  11.  Mid  Ceulrnlbl.  f.  Imicn:  Hoi..  18Mi 
EolUcb  and  DokuI,  WIeu.  kiln.  WoclieiiBcbr..  1895;  G«za  Fodar,  Maly'a  Jabrober., 
Bd.  2.^^  Zuelzer.  Berlin,  kiln.  Wocbenacbr..  1890. 

*  Rnnke.  see  Schmidt's  Jslirb..  1858  :  Sulkowskl,  VIrchow"*  Arcb..  Bd.  50;  Pldschcr 
and  Pentzohlt.  Arch.  f.  klla.  Med..  Bd.  36;  BtndibFLgcii.  Vlrchov's  Arcb.,  B«).  10>; 
Slicker,  ZeiUchr.  f,  kiln.  Med..  Bd.  14  ;  Bolilnml  and  Schnrz,  Pflttgcr-s  An-b..  Bd.  4* 

*  T.  Schrtider.  ZeiUcbr.  f  physfol.  Cbem.,  B<1.  '.' ;  Mejer  and  JkOv.  ller.  d.  dviitacb. 
Cbem.  Oeacllicb..  Bd.  10 ;  WObler  and  Frerichs,  Aoaal.  d.  Cbem.  u.  Pbonn..  Bd.  46. 
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tion  of  the  lirer  that  cooBidemble  amounts  of  lactic  acid  ooctir  in  the  tintie, 
it  is  probttble  tlmt  the  nric  aciil  in  hircU  id  prodneeil  in  tlio  liver,  perhaps 
from  lactic  acid  and  amnioiiia  by  sjnthesis.  Amido-acids — lencin,  giyco- 
coll,  and  aapartic  acid— iocreaae  the  elimination  of  uric  acid  iu  birda 
(v.  Knikkii:!!),  but  whether  the  aniido-acids  arc  first  decompo:>ed  with  the 
splitting  off  of  ammonia  is  etill  unknoiro.  v.  Macu  '  liaa  shown  that  a 
small  port  of  the  nric  acid  in  birds  originates  from  hypoxanthiu,  nnd  u 
similar  origin  for  the  nric  acid  of  mammalia  is  altfo  rery  probable  (Min- 
kowski). IndepenileTitly  of  Con\,  Mevkowski'  hus  observed  a  conaidor- 
able  increase  in  the  allontoin  of  the  nrine  in  dogfi  after  feeding  with  thymus. 
Salkuwski*  has  made  similar  obserrationa  on  dogs  after  feeding  vlth 
pancreas. 

We  have  no  foundation  for  the  assumption  tliat  uric  acid  is  formed  from 
ammonium  salts  in  the  human  and  the  mammalian  liver,  i^n  the  contmrr, 
the  formation  of  uric  acid  Aeeriis  to  Htand  in  a  cerl-aiii  rehitiutiship  to  the 
nuoleuff  iiucioirrs.  Horraczewkki  '  has  prepared  nric  acid  from  tissues  rich 
in  nuclein,  snch  aj  the  spleen-pnlp,  and  from  spleen  nucleia  bj  slight  putre- 
faction, snbseqneut  oxidation  with  blood,  and  then  cleavage  by  boiling,  if 
the  oxidation  was  neglected,  he  obtained  an  eqniraleut  quantity  of  xanthin 
bodies.  The  nnclein  pre]>ared  from  the  spleen-piilp  when  introdnt^d  into 
tbe  animal  Iwdy  cauwiii  an  iucrease  in  the  eliuiinution  of  uric  acid,  and, 
according  to  the  experience  of  many  investigators,'  feeding  with  the  thymus, 
which  is  very  rich  in  nncteins,  has  the  same  action.  According  to  Itoii- 
BAC7ewsKl  the  nric  acid  is  not  formed  from  the  alloxoric  bases  as  in- 
terniediary  steps,  bnt  all  alloxnric  bodies  are  dertTed  from  the  uncleins — 
the  nric  acid  when  cleavngo  precedes  an  oxidation,  and  the  alloiurio  bases 
with  clearage  without  oxidation. 

The  recent  very  important  researches  of  AIjnkowski*  hare  further 
shown  that  a  syntheticnl  fornnition  of  uric  acid  from  ammoiiinm  com{K>iMids 
in  dogs  is  Tery  improbable.  lie  also  shows  that  when  atlautoin  ia  adminis- 
tered to  dogs  tbe  greater  part  api>ear8  unchanged  in  the  nriue,  while  in  man 
hardly  one  fifth  contd  be  regained.  After  feeding  dogs  with  nucleius  the 
quantity  of  allaritoiti  as  well  as  tbe  quantity  of  uric  acid  must  be  oonsid- 


<  UinkDW&ki,  Arrh.  t.  exp.  PatU.  u.  Plinrm..  Bd.  31;  t.  KnfeHem,  Keilsrlir.  f. 
Bfologle,  Bd.  13;  T.  Mncli.  Arrli.  f.  i^x\\.  1*8111.  u.  Pbarm.,  Bd.  M, 

*  Cenlnlbl.  f.  iimcrv  Mvil.,  1»&9. 

*  C«Qtmlljl.  f.  d.  med.  Wissenacb,,  1806. 

*  Wieo.  SlUuttfraber..  B'l    1(H>. 

*  Stfo  Weluiraud,  BerUn.  klin.  Woclieoicltr..  1993,  sod  Du  Bol«-n«}'iiioiid'8  Arch., 
1895;  Umlier.  Zeilsclir.  \.  kiln.  Med..  Bd.  2fl ;  P.  Mayer.  Deutorlr  mwl  Wocbcnachr.. 
1896;  JeMiiHf.  Jouro.  of  Pliyriol..  Vol.  W ;  Eleiu  nod  Scbmoil.  Arcb.  t.  «ip.  Path.  a. 
Pbarrn..  Bd  87. 

*  Arctl.  f.  oxp.  Path.  U-  Pharm  .  Bd    41. 
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ered.  AUbongh  the  thymgs  HDcIeini  considerably  increase  the  qnantity  ai 
allaiitoin  and  aric  acid,  the  nacleio  bases,  ivith  the  exception  of  bT|K>- 
xuiithin,  split  off  from  these  nncleinB  are  inactive.  Salmon  nucleic  adii 
also  canses  an  increased  eh'mination  of  nric  acid,  bnt  tbe  adenin  split  off 
therefrom  or  prepared  synthetically  does  not  hare  this  action.  The  organic 
com  hi  nations  of  tlm  nucleln  bases  in  the  nacleins  seem  to  be  eCMDttal  for 
the  occnrrence  of  aliantoin  and  nric  acid  in  the  urine.  Ilypoxantbio  taken 
per  OS  is  transformed  into  uric  acid  in  human  beings,  and  into  nric  aciil  anil 
aliantoin  in  dogB.  Adenin,  which  in  doga  does  not  caose  an  increased  elimi* 
nation  of  nric  acid  and  aliantoin,  luut  a  poiaonoua  action  and  leoda  to  the 
abnndaut  deposition  in  tbe  kidneys  of  spherolithi,  which  contain  nric  acid. 
A  deposition  of  nric  ucid  in  the  kidneys  may  occur  independently  of  the 
extent  of  nric-acid  elimination  by  the  nrine. 

The  following  ohttervations  of  IIofkins  and  Hope  '  can  hardly  ha  recon- 
ciled wit})  ^Minkowski's  investigations.  Apart  from  certain  other  obaer- 
rations,  which  do  not  ejwak  for  tho  ordinary  view  as  to  the  formation  of  nhc 
acid  from  the  nncleins  of  the  food,  they  find  that  on  digesting  thymus 
glands  with  gastric  jnice,  the  neutralized  extract,  which  contains  onl^ 
traces  of  nnolein  or  nnclein  bases,  lias  a  strong  augmentative  action  on  ths 
elimination  of  nric  acid,  while  the  remaining  nncleins  tliemaelvee  hafe  only 
a  slight  action. 

The  increased  elimination  of  uric  ucid  after  the  introduction  of  nncleins 
into  theaniinul  body  does  not  depend,  according  to  noKRACZEWSKi,  directly 
upon  a  decomposition  of  nncleins.  According  to  bim  ic  may  be  due 
indirectly  to  tbe  leiicocytoais  produced  by  the  nnclein.  According  to 
HoRBACZKWSKi  the  uric  acid  originates  chiefly  from  the  nnclein  of  tbe 
destroyed  lencocytes,  and  the  greater  the  number  of  leucocytes  in  the  blood 
the  greater  is  the  tlestruction  of  the  imme,  and  hence  the  elimination  of  nric 
acid  is  correspondingly  increased.  OLiservations  on  the  elimination  of  nric 
acid  stand  in  close  accord  with  this  theory.  I'hns,  for  exam])le,  leucaemia, 
in  which  the  elimination  of  uric  acid  i»  greatly  increased,  is  cbaracterized 
by  an  abnormally  great  number  of  loncocytes  in  the  blood.  Tho«e  medtcfr* 
meutH  which  increase  tho  number  of  leucocytes  also  increase  in  general  tbe 
elimination  of  nnc  acid.* 

HuHUAOZEWSKi's  view  that  tbe  nric  acid  is  a  prndnct  of  the  destrnction 
of  tbe  leucocytes  is  generally  accepted.  According  to  Mares  no  poeitira 
proof  has  been  given  for  this.  It  has  not  been  proved  that  each  increase  \\\ 
tbe  number  of  leucocytes  cauaes  an  increase  in  the  nric  acid  eliminated,  and 
in  fact  this  has  not  been  always  found  after  feeding  with  nnclein.* 

'  Jamn.  of  Ph/siwl.,  Vol  28, 

*  P(ir  eipliianilmi  as  to  tbe  cliffvriDg  bcbariur  uf  autifotiria  and  aotlpyrin  tec  Hc 
Mwskl.  I.  c. 

*  KUreS,  Wien.  Sltsuugsbcr. ,  Bd.  101,  Alitb.  8,  aait  "Zur  Tfaeorie  der  BatMftan- 
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We  cannot  t&y  anything  positiT«  in  regard  to  the  organ  or  organs  in 
which  nric  acid  ia  formed. 

After  tlie  extirpation  of  the  kidneys  of  snakes  (Zaleski)  tad  birds 
(t.  SciiRODSlt')  an  accnmnlation  of  nric  acid  in  the  blood  and  tiasnee  baa 
been  obserred.  This  shows  that  the  kidneys  of  these  animats  are  not  the 
only  organ  producing  uric  acid,  and  any  direct  proof  of  the  fonimtion  of 
this  acid  in  the  kidneys  has  not  np  to  the  present  time  been  demonstrated. 
A  direct  relationship  between  the  npleen  and  the  formation  of  nric  acid 
in  man,  has  been  songbt  by  several  in resti gators.  According  to  the  in- 
Teatigutions  of  Hobbaczewski  this  relationship  seems  to  be  of  an  indirect 
kind,  a£  it  probably  statuls  in  close  connection  with  the  importance  of  the 
spleen  to  the  formation  of  the  leucocytes,  if  uric  acid  ta  derived  in  man 
and  mammals,  as  generally  ailmitted,  chieily  from  nuclein,  then  we  must 
look  for  its  formation  where  a  destruction  of  tissues  containing  nnclein 
takes  j)lace,  even  though,  according  to  Hobbaczewski,  it  originates  in  the 
first  place  in  the  destruction  of  the  leucocytes.  We  hare  no  positiTe  basis 
for  the  statement  that  uric  acid  is  formed  in  the  liver  of  man  and  mammals, 
while,  on  the  contrary,  the  formation  of  nric  acid  in  the  liver  of  birds  is 
shown  to  be  highly  probable  by  the  researches  of  Minkowski. 

According  to  the  inreatigations  of  FRERTCns  and  WniiLKit  the  uric  acid 
introduced  into  a  mammal  organism  is  converted  in  great  part  into  urea, 
and  according  to  Wienek  glycocoU  in  rabbits  appears  as  an  intermediate 
step  in  the  destnictinn  of  uric  acid.  As  the  liver,  acicording  to  Salaskik 
and  LoKWi  (see  page  412)  can  produce  urea  or  closely  allied  substances 
from  glycocoU,  it  is  quite  possible  tliat  the  liver  is  an  organ  in  which  nric 
acid  is  destroyed  with  the  formation  of  nrea — bd  assumption  which  coincides 
with  the  observations  of  Chassetakt  and  Hicukt  '  and  of  Ascoli. 

Properties  and  lieactions  of  Uric  Acid.  Pare  nric  acid  is  a  white, 
odorless,  and  tasteless  powder  consisting  of  very  small  rhombic  prisma  or 
j^atea.  Impure  uric  acid  is  easily  obtained  as  somewhat  larger,  colored 
cryBtols. 

In  quick  crystallization,  amall,  thin,  fonr-aided,  apparently  colorless, 
rhombic  prisms  are  formed,  which  can  be  seen  only  by  the  aid  of  the  micro- 
scope,  and  these  sometimes  appear  as  spools  because  of  the  rounding  of  their 
obtuse  angles.     The  plates  are  sometimes  six-aided,  irr^ularly  developed; 


faUduiig  )m  Siliigetblentrganlsniiii.*'  Pia^,  iHOi.  f^o  tlna  Mllrojr  and  HAtrailm,  .Tonm 
of  Ph^sitil,  Vul.  23:  GuiuUcli.  Zvltaihr.  f.  physiul.  Cheiii..  »il.  18.  anil  Stsillliageii, 
Vircli»w-R  An-h..  IJd.  100. 

'  Znlvski,  "  UDtcrsuchiitiiicn  UI>er  dt-n  uritini'clieti  PniXL<«8"  (Tiib]o^eii.  IHSTi).  dltd 
from  (Irrroanii'a  H'mdbuch,  BJ,  5,  Thl.  1 ;  v.  SfliriJiler,  Pn  Boftt-lloymnntl'g  Arrh., 
1880.  Buppl.  B<I.,  and  Ludwijc'a  FrelBcLrift.  1887. 

■Wieiier,  ArcU.  f.  cxp.  Psih.  u.  Phnrm.,  B(l.  40:  CbusevaDt  soJ  RIcbct,  Corapt. 
read.  w>c.  binl.  Tome  49  ;  AsouH,  PllUgur'a  Arcb..  fid.  73. 
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in  other  cases  they  nre  rectangnlar  with  partly  atrajght  and  partly  jagged 
sides;  and  in  others  cobcs  tbcy  show  still  more  irregular  fornig,  the  BO*caQ«d 
dtimh-bQllg,  otc.  In  elow  crjsCallizatiDn,  as  when  the  urine  deposits  aeodi* 
ment  or  when  treated  ^rith  acid,  large,  inrariably  colored  cryatals  separate. 
Examined  with  the  microscope  these  cr^Btals  appear  always  yellow  or 
yellowish  brown  in  color.  The  moet  ordinflrj  form  is  the  whetstone  sliape, 
formed  by  the  rounding  off  of  the  obtuse  angles  of  the  rhombic  plale.  The 
whetstones  are  generally  connected  together,  two  or  more  crossing  each 
other.  Itesid&s  these  forms,  rosettes  of  prismatic  crystals,  irregnlar  croBsefl, 
brown-colored  rongh  masses  of  destroyed  needles  and  prisms  occur,  as  well 
as  other  forms. 

Uric  acid  is  insolable  in  alcohol  and  ether;  it  ia  rather  easily  soluble  in 
boiling  glycerin,  Tery  difficultly  soluble  in  cold  water  (14,000-16,000  part«), 
and  difticnllly  soluble  in  boiling  water  (in  1800-lMO  parts).  In  water  at 
40"  U.  it  dissolves  ill  the  proportion  of  1  :  24O0  (Smale).  Hydrochloric 
acid  dissolves  it  somewhat  better  than  water.  It  is  soluble  in  a  wami  eoto- 
tion  of  sodium  diphosphate,  and  in  the  presence  of  an  excess  of  nric  acid 
monophoeplmte  and  acid  urate  arc  produced.  According  to  the  ordinarr 
view,  sodium  dipboBplmto  is  also  a  solvent  for  the  nric  acid  in  the  nrine, 
hilt  according  to  Shai.e  the  monophosphate  has  only  a  slight  solrent 
action.  According  to  Hi'iiFi. '  urea  is  au  imjvortant  solrent.  1000  c.c,  of 
a  2^  nrca  sohition  can  hold  on  an  average  0.5313  grm.  nrto  acid  iu  solution, 
and  as  the  daily  quantity  of  urine  is  1500-2000  cc,  and  this  contains  2* 
nrea,  it  is  possible  for  tlie  urea  alone  to  hold  nearly  all  of  the  uric  acid 
eliminuteil  in  solution.  I'ric  acid  is  not  only  disAoIved  by  alkalies  and 
alkali  carbonates,  but  also  by  several  organic  haaeH,  such  as  ethylnmin  and 
propylamin,  piporidin  and  pipcrazin.  I'ric  acid  dissolrefl  without  decom- 
posing in  concentrated  sulphuric  acid.  It  is  completely  precipitated  from 
the  urine  by  picric  acid  (Jakfe*).  Uric  acid  gives  a  chocolate- brown 
procipitate  with  phospho-tungstic  acid  in  the  presence  of  hydrochloric  acid. 

Uric  acid  is  dibasic  and  correspondingly  forma  two  series  of  salt*. 
neutral  and  acid,  According  to  Benpe  Jones*  hyperacid  ealta,  guAD- 
iiiiRATES,  with  the  general  formula  C,H,MN,0,.C,II.N,0, ,  occur. 

Of  the  alkali  urates  the  neutral  potassium  and  lithium  satt^  dinolre 
most  easily,  and  the  ummoninm  salt  dissolves  with  difficulty.  The  acid- 
alkali  urates  nre  very  insoluble,  and  sciiarate  as  a  sodiment  (sniirnrnftim 
lateritittm)  from  concentrated  urine  on  cooling.  The  salts  with  alkaline 
earths  are  very  insoluble. 

If  a  little  uric  acid  in  substance  is  treated  on  a  porcelain  dish  with  a 


■  Bniale,  Ceatrnlbl.  f.  Pliytlu].,  Bd.  9  ;  Radd,  Ardt.  t.  uxp.  PsUi.  u.  Pbarm.,  Bd.  30. 

•  Zeltscbr.  f.  pbyslol.  Cluni..  Btl.  10. 

*  Jduid.  Chem.  Soc,  l8fl£,  Vol.  IS,  p.  8. 
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fev  drops  of  nitric  acid,  the  uric  actil  disBolvea  on  warming  with  a  strong 
development  of  gas,  and  after  thoroughly  drying  on  the  wati>r-lMith  a 
beautiful  red  residue  n  obtained,  whicit  turns  a  pnrple-red  (arnnioninm 
pnrpiirate  or  murexide)  on  t)ic  addition  of  a  little  ammonia.  If,  instead  of 
the  ammonia,  we  add  a  little  cauecic  soda  (after  cooling),  tlie  color  becomes 
deeper  blae  or  blnieh  violet.  This  color  disappears  quickly  on  wiirraiug, 
differing  from  certain  xantlnn  bodies.  Tliia  reaction  is  called  the  murexid« 
test. 

If  nric  acid  is  converted  into  alloxan  by  the  carefnl  action  of  nitric  acid 
and  the  excess  of  acid  carefully  expelled  on  treating  this  with  a  few  drops 
of  concentrated  snlphnric  acid  and  commercial  benrxl  (containing  thiophen). 
a  beautifnt  blue  coloration  is  obtained  (Demons'  '  reaction), 

tJric  acid  does  not  rednoe  an  alkaline  solution  of  bismuth,  while,  on  the 
oontrnry,  it  rednoes  an  alkaline  copper-liydroiclde  eolntion.  In  the  presence 
of  only  a  little  copper  salt  we  obtain  a  white  precipitate  consisting  of  cop}>er 
arate.  In  the  presence  of  more  copper  salt  red  suboxide  separates.  The 
combination  of  uric  acid  with  copper  Buboxido  ia  formed  when  copper  saltA 
are  rednced  in  alkaline  solution  in  the  presence  of  urate  by  glucose  or 
bisulphite. 

If  a  solution  of  uric  acid  in  water  containing  alkali  carbonate  is  treated 
with  magnesium  mixture  and  then  a  silver-nitrate  solution  lidded,  a  gelatin- 
ODS  precipitate  of  silver-magnesium  nrate  is  formed.  If  a  drop  of  uric  iwid 
dissolved  in  sodium  carbunnte  ia  jilaood  on  u  piece  of  filter-paper  which  has 
been  previously  treated  with  silver-nitrate  solution,  a  reduction  of  silver 
oxide  occurs  producing  a  brownish-black  or,  in  the  presence  of  only  O.0O2 
milligramme  nric  acid,  a  yellow  spot  (SuniPF's  test). 

Preparation  of  Uric  Add  from  Urine.  Filtered  normal  nrine  is  treated 
with  20-30  CO.  of  25;<  hvdrocliloric  acid  for  each  litre  of  nrine.  Afwr 
forty-eight  hours  collect  tlie  crystalH  and  purify  tliem  by  redissolving  in 
dilute  alkali,  deootoriziug  with  aniniftl  charcoal  and  reprecipitating  with 
hydrocliloric  acid.  Large  quantities  of  nric  acid  are  easily  obtained  from 
the  excrements  of  serponLs  by  boiling  them  with  dilute  cauKtic  potash  (5:?) 
nntil  no  more  ammonia  is  developed.  A  cnrrent  of  carbon  dioxide  Is  paesed 
through  tlie  filtrate  uiilil  it  barely  has  an  alkaline  reat^tion;  dissolve  the 
separated  and  washed  acid  potassinni  nrate  in  caustic  potash,  and  precipitate 
the  nric  ucid  by  addition  of  an  excess  of  liydrochlorlc  acid  to  the  filtrate. 

Quantitative  Estimntion  of  Uric  Acid  i?i  the  Fnws.  As  the  older 
method  as  snggested  by  Heintz,  even  after  recent  modifications,  gives 
inaccurate  results,  we  will  not  give  it  in  detail. 

Salkowski  and  Ludwiu's*  method  consists  in  precipitating  by  silver 

'  Joiinml  de  Pharm.  et  de  Clilm.,  Totdo  18.  Cited  from  Mnly's  Jabrcsbfir.,  Bd.  18. 
S.  84. 

»  Saikowski,  Vlrrhow's  Arch..  Btl.  53.  Pmifitrs  Arcli.,  Bil.  Tt,  and  Prnctletim  der 
phyiioL  D.  paibol.  Ctieui. .  Uerlio.  1693 ;  LuiJwlg,  Wicn.  med.  Jahrbticb,  1884.  nut]  Zvv- 
•ohr.  f.  anal.  Ckem.,  Bd.  S4. 
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nicrate  ttie  uric  acid  from   the  Drine  previously  treated  witb   magOMUi 
tnixtnre,  and  weigltiiig  the  nric  acid  obtained  from  the  silver  preci^iitate. 
ITric-ftcid  determinations  by  this  method  are  often  performed  acconUng  ta] 
the  suggeetioa  of  E.  Lcuwio,  which  requires  the  following  solutions: 

1.  An  AMMosiACAL  HILVEH-KITRATE  soLtTios.  whicli  couudns  In  one  litre  38  ^ 
sfivLT  nllriLCc  nml  a^tuanlltf  of  uiuinuDiu  sufflcietil  lo  couiplcU'ly  rcdtsMlvc  Ibe  precir 
Ul«  produced  by  tl)«  fir«t  ftddUion  of  ftmrnonU.  3.  MAunKtMA  MtXTTRE.  DiMull 
lUO  Krmi.  cryittnlLlzei:!  magiietUiai  cblortde  in  wnter  nml  kdd  «iiOugh  aniinoai&  so  tli^t] 
the  liquid  smelts  Biroiigly  of  [i.  and  ennugb  ammoDiutn  chlorida  to  dlBsolvc  the  prec{pi>1 
lAic  iitid  dilule  to  1  litre.  3.  SoDiru-sTTi.pniDE  ^olutiok.  DiHoIre  10  grms.  caustM 
SO' [a  which  tn  frui-  tmin  ulLrjc  iiciit  uud  tttln>iia  acid  in  1  lltn;  o(  water.  One  half  of] 
thlsaolutloo  ii  completely  saiuraled  with  suLpbaretted  hydrogen  aod  then  mixed  wititl 
Uivdlbt-Tlmir. 

The  concentration  of  tlie  three  Bohitions  U  so  arranged  that  10  cc.  of 
each  is  anfficient  for  100  c.c.  of  the  nrine. 

100-UOO  c.c,  according  to  concentration,  of  the  filtered  nrine  freed 
from  proteid  (by  boiUog  after  tlie  addition  of  a  few  drops  of  acetic  acid)  ii 
poured  into  a  beaker.     In  another  vessel  mix  10-SO  c.c.  of  the  silver  solq-l 
tion  with  10-20  c.c.  of  the  magnesia  mixtare  and  add  ammonia,  and  whenj 
necessary  also  souie  ammonium  chloride,  until  the  mixture  is  clear.     Tba 
solution  is  added  to  the  urine  while  stirring,  and  the  mixture  allowed 
stand  quietly  for  half  an  hour.     The  precipitate  w  collected  on  a  filter,! 
washed  with  animonincal  water,  and  then  returned  to  the  same  Iteaker  b/J 
the  aid  of  a  glass  rod  arid  a  wash-bottle,  without  destroying  the  filter. , 
Now  heat  to  boiling  10-20  c.c.  of  the  alkali-aiitphide  solution,  which  hat] 
previonsly  been  diluted  with  an  eqnal  Tolume  of  water,  aud  allow  this  mlu' 
tion  to  flow  throngh  the  above  filter  into  the  beaker  containing  the  sliTerj 
precipitalt),  wash  with  boiling  water,  and  warm  the  contents  of  the  beakefi 
on  a  water-bath  for  a  time,  stirring  constantly.     After  cooling  filter  intoaj 
porcelain  dish,   warth  with  boiling  water,  acidify  the  filtrate  with    hydro-' 
chloric  acid,  eraporate  to  about  15  c.c,  add  a  few  d rope  more  of  hydro»j 
chloric  acid,  and  allow  it  to  stand  for  24  lionrs.     The  oric  licid  which  baig 
crystallized   is   collected   on   a   small  weighed   filter,  waalied   with   watefi. 
alcohol,  etiier,  and  carbon  dianlphido,  dried  at  lOO-llU^  0.  and  weighed. 
For  each  10  c.c.  of  watery  filtrate  we  must  add  0.00048  gnn.  uric  acid  to' 
the  quantity  found  directly.     Instead  of  the  weighed  llller-paper  a  glut] 
tube  filled  with  glass-wool  aa  described  in  other  handbooks  may  l>e  Kubeti- 
luted  (Lt;i>wio).    Too  intense  orcontinnous  heating  with  the  alkali  snlpbide 
must  be  prevented,  otherwise  a  part  of  the  uric  acid  may  be  decompoeed. 

Salkowski  differs  from  this  procedure  by  precipitating  the  nrine  first 
with  a  magnesia  mixture  {HO  c.c.  to  200  c.c.  urine),  filling  np  to  300  cc 
and  filtering.  Tlie  filtrate,  300  c.c,  la  precipitated  by  10-15  cc.  of  a  Zi 
silver-nitrate  solution.  The  silver  jirecipitKte  is  sliaken  with  300-3^0  cc 
water  at:idified  witli  a  few  drops  of  hydrochloric  acid,  decomposed  by  aul- 
phnretted  hydrogen,  heated  to  boiling,  the  silver-sulphide  precipitate  boiled 
with  fresh  water,  filtered,  concentrated  to  n  few  cnbic  centimetres,  treated^ 
with  5-8  drop8  of  hydrochloric  acid,  and  alloweii  to  stand  until  the  next  day. 

HoPKJXs's'  method  i8  based  on  the  fact  that  the  uric  acid  is  completely 
precipitated  from  the  urine  oi  ammonium  urate  on  aatarating  with  am- 
monium chloride.     The  urine  is  saturated  with  aromouium  ohionde  (for 
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sach  100  O.C.  nrine  add  30  gmis.  animooitim  chloride),  and  filtered  after  two 
boors.  Wash  with  a  saturated  solntion  of  nmmoninm  chloride,  and  transfer 
the  precipitate  from  filter  to  a  small  beaker  by  means  of  boiling  water,  and 
decompose  it  with  liydrochloric  arid  and  hoat.  The  aric  acid  which 
separatee  is  weighed  by  the  Lriiwnj-SAi-KOWSKi  method,  and  for  eTery  15 
CO.  of  mother-liqaor  add  1  milltgramnie  to  the  weighed  urio  acid.  The 
uric  acid  in  the  ammoniam  nrate  may  also  be  determitied  by  titration  with 
potaasiara  permanganate,  bat  the  conteata  of  the  filter  mnat  first  he  washed 
free  from  chlorine  by  wasliing  with  a  satcirate*!  solntion  of  ammonium 
snlphate.  The  precipitate  is  washed  off  from  the  filter  into  a  tiatik  with  hot 
water  (UOO  o.c.),  and  allowed  to  cool  to  20"  C,  and  then  treated  with  15  c.c. 
concentrated  salphnric  acid  (sp.  gr.  1.84).     The  mixture  attains  a  tem- 

peratare  of  60-C3°  C,  and  if  we  titrate  at  this  temperatnre  with  a  ~ 

potasfiinm  permanganate  solution  each  cnbic  centimetre  of  the  permanganate 
Bolntion  corresponds,  according  to  Folik,  to  exactly  3.75  milligrammes  uric 
acid.  U0PKIK8  obtained  also  3.75,  while  ItiTTER.'  on  the  contrary,  obtained 
3.61  milligrammes  uric  acid.  Uot'KiK6'&  method  is  claimed  to  give  as  exact 
results  as  the  SALKOwsKi-LuDwia  metboi).  According  to  I-'olix  it  is  not 
scoessary  to  eaturate  the  arinc  with  ammonium  salt,  but  tliis  is  denied  by 
otheni,  and  he  has  e^fienUally  shortened  the  method  by  precipitating  with  a 
10;(  ammonium  etilphate  solution. 

In  regard  to  the  varioiiH  tnodilications  of  the  above-deflcribed  methods, 
as  weU  as  to  the  numerous  other  methods  for  estimating  aric  acid, 
we  must  refer  to  special  works  on  the  subject,  and  especially  to  Uri-PBKT- 

JfEUBACER.' 

Xanthin  Bodies  (Alloxl'ric  IUses).  The  alloxnrlc  bases  (porin  baaae) 
foand  ill  human  urine  are  xanlhin,  f^uanin,  hypoxantkin,  adenin,  para- 
Txttdhitif  keiervx^n/hin^  episurkin^  epiguantn,  l-meihi/lratiihin,  and  carmn. 
The  occarretioe  of  gnanin  and  carnin  (PoucnEr)  is,  aooording  to  KnCuKR 
and  Salouux,'  not  positively  shown.  The  quantity  of  these  bodies  in  the 
urine  u  extremely  small  and  variable  in  diHercut  indiriduala.  Flaiow 
and  Keitzen^stein  '  found  15.t>-45.1  milligrammes  in  anno  voided  during 
tweutv-fuur  houni.  The  quantity  of  alloxuric  bases  in  the  urine  is  increased 
regularly  after  feeding  with  nnclens  nucleins  and  after  free  destruction  ol 
leucocytes.  Tlie  quantity  is  es[)ecially  increai^ed  in  leuctemio.  We  have  a 
number  of  observations  on  the  elimination  of  these  bodies  in  different  dis- 
essee,  but  tliey  arc  hardly  trustworthy,  on  account  of  the  inaccuracy  of  the 
methods  need  in  the  determinations.  It  must  also  be  remarked  that  the  three 
alloxuric  bases,  heteroianthin,  paraxanthin,  and  I*methylzaDthin,  which 


■  Kolin.  ZeiUcbt.   f.  pEiyuol.  Cbem.,  Bd.  24  ;  Kttter.  i&id.,  Ud.  2\. 

'  Hacii-Analjw  10.  AuH..  1^98. 

'  Zeitsclir.  (.  ptiyslol.  Chem.,  Btl.  34  ;  Foiicbet,  "  CoDtributioos  ft  la  cuunnlsHancu  des 
Oatiirea  exincUvM  de  I'uriue."  Tbite  Paris,  1680.  C^Ud  from  Uuppert-Neubauar, 
&  8»  and  839. 

'DeuiKb.  med.  WocbcDscbr.,  161^. 
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form  the  chief  mass  of  the  alloxuric  baKs  of  the  urine,  are  derired,  accord- 
ing to  the  iriToatigationa  of  Aluanese,  RoxIizysski  and  Gotti.ilb, 
E.  FisrnEii,  il.  KrCgeii  and  (J.  Salomon','  from  the  theobromin,  eaffein, 
and  tkeophvUiu  bodie>!i  occurriug  in  our  food.  As  the  four  real  nncleia 
baaes  atid  carnin  have  Leeo  treated  of  in  Chapters  V  and  XI,  it  only  remaiua 
to  deacribe  the  special  urinary  xauthiii  bodies. 

Heteroxiintliin ,  CiIltX,Ot  =  T-nionoiiieltijrUaiitbin,  was  Drst  detected  in  tbe  urine 
by  Salmmo:<.^  It  Is  (<Ierilic&I  wU)i  the  moDomclh^Ixanlbln  which  puses  iuto  tbe  uriu« 
iiiU^r  fuelling  willt  theobiomiu  ot  caJIi-ia. 

Ilotcrxixiiulbln  crystal  I  izes  irk  sliiniii^  iieeUlesmxl  cIIhsoItbs  irith  dUBcultr  In  cold  wklct 
(1582  ptirts  at  14*  C'.).  It  U  readily  boliiblo  In  ammouU  And  alkalies.  The  cryftallice 
Budiuiii  KiU  Is  Initoluble  In  Bti  mtg  crauatic  alkali  (3:iJC)  nnrL  dJB«>UQs  with  difliciilly  iti  wmt^. 
Tbe  clilonde  crystalliKcs  WmtlEf  ully,  Itt  relatively  Insoluble,  aod  is  reiulf  Ir  decomposed  iolo 
ttie  rri'e  bu<o  lunl  hydrodilriric  ftcld  liy  water.  Het«roxaiithit)  ta  precipitated  by  copfwr 
siilp]):ite  nnd  bisulpnile.  mercuric  cliloride,  bfulc  lend  AceCnie  and  tmmoDb.  and  by  Eilrtr 
uilniw.  The  silver  compoimd  dissolves  nttber  easily  in  dilute,  warm  oilric  acid  ,  it 
crystiilliiics  111  siunU  rbouililc  nlaiot  or  prisma,  often  grown  togeiber.  fonnlos  cliarsc' 
ttrlsiic  cioMies.  UvtcroxanlbiQ  docs  not  ^ve  the  Xfmthin  reaction,  but  does  gfT« 
WEmKi.'H  ivuclioii  ftcoonliiig  lo  FisciiRi*  (*iec  Chiipler  V). 

IMetliylxinthiB,  CtH«NtO».  wiis  Ilrsl  is»Ii)leil  from  Ihe  urine  and  studied  bv  IvRt'OEn. 
imil  lliL'ti  by  l^ttuoBK  uuil  Saujuon.'  Il  is  ditbcultly  soluble  ia  cold  water,  Lut  rrailily 
Noliibleia  nmtnoiiiatkiKl  cnustic  iRidu,  nnd  iloesnut  glvuau  iusulubio  sodium  combliiailon. 
It  Is  ivadily  soluble  in  dilute  ftclds.  The  chloride  is  decompoaed  into  bMeaud  bjdro- 
chloriLt  acid  bywiitvr.  liiLeltiyixiiuthiit  Kivea  cryatalltuu  iluubleaalla  wltli  platloam  an<1 
gold.  Il  ia  not  prcL't|3iiiiii<d  by  ba^ic  lead  acctnie.  iind  when  pure  not  by  ba^  lead 
ucflula  and  aiiiiTLutdii.  With  atuiuonia  find  silver  iiiti-ate  It  gives  a  gelatinous  precipitate 
The  silvi^r  niirati;  comiwuQd  crystalUzA-d  from  nitric  acid  forms  rnseiles  of  united 
Dt.tdle8.  With  the  sautliit)  tent  wilb  tiilric  acid  It  gives  as  orunee  coloration  on  the 
aildUitin  of  niustic  simIu,  It  glvL-s  Wkii>ei.'b  naftion  (accunllug  to  i  lycHKH)  beauttfnlt}'. 

Paraianttiln,  CiHiX.Oi  =  l.TiHniclliylxftnihln,  urotAfcbrvmin  (TBrDlcacM).  was 
firiit  isolutod  fioni  Ihu  uriau  by  Tuetdicultm  nuil  Sjllouon.*  It  crystalli7.es  beautifully 
in  slX'Sldcd  pliiies  nr  in  neeilleti.  The  sodium  cumhiniilian  crystallines  In  rectaogulai 
plfktc!)  orprjiiiiisaad.  like  tbe  hetvroxAnUilii  sodium  compound,  is  jusoluble  iu  3Sf  caastlc- 
sotln  solution,  'llio  smliuni  comTwimtl  senaralea  in  a  rrystalllDC  stale  on  noulrallxlog  lit 
Bulutiun  in  wnlcr.  The  chloride  Is  rc-adlly  soluble  and  Is  not  decomposctl  by  watct. 
Tlia  oliLoi'oplttliuale  crystalliZL-a  very  beiLUttfully.  Mercuric  cldorfdi-  prccipiratca  only 
when  added  io«sc(.':*anrid  nfier  a  longtime.  The  Oliver  nlimtc  comblnrttiou  scparalcs 
as  whili;  silky  I'lystala  fruui  hot  nUric  add  on  cooling.  Il  gives  Wridel's  reaction,  bvl 
but  Mil  llif>  xiiniliin  lest,  with  nllriiT  acid  nnd  n1ka)l. 

Episarkia  Is  the  Dnms  given  by  Balke  to  a  new  xanthin  base  occurring  in  bumaa 
uriuu.  The  same  iKxly  haa  been  ohservt'il  by  SaIximon  *  In  plzs'aiid  dofn'  urine,  as  well 
fts  in  uritic  ill  Icoctemla.  IIalkk  gives  CMIiNjO  as  the  probable  foTmiila  for  cpjaarkiu. 
It  U  nearly  insoluble  iu  cold  water,  dissolve*  whh  dlQlcully  in  hot  water,  but  inny  be 
obtained  luerefroin  iM  long  Ibio  needle!^,  Kpisarkin  dot-a  iwl  jjive  the  xantbln  rrac'lion 
Willi  uiliic  acid  nor  WEiDKL'a  reaction.  T\*iih  bydrochlotic  nci<l  aud  ixiiawiiim  chlorate 
It  gives  a  white  r&tidue  wbicli  turns  violet  uilh  inimiooirL  II  does  not  fgrm  any  iniol. 
ubie  sodium  compound.     Tbe  sliver  combination  is  diUlcuUly  soluble  in  nitric  acid. 

'  Albaucse,  Arch.  f.  exp.  Path.  11.  Pharm.,  Bd.  35;  Bondrynskl  and  Qotliicb.  Aid., 
Bd.  86,  andBer.  d.  deutsch.  cbem.  Oescliscb.,  Bd.  38;  E.  Kischer,  O^,  Bd.  80.  S. 
3405;  Krngcr  and  Salomon,  Zeltschr.  t.  physlol.  Cbem..  Bd.  26. 

*  [>u  Ituifr-Itoytnond's  Arch.,  ItitiS ;  Ucr.  d.  deut&ch.  chcm.  OeeeUscb..  Bd.  18;  Zeft- 
schr.  f.  physlol.  Chcm.,  Bd.  II. 

■  Krbger,  Du  Utds  It^ymond's  Arob.,  18M ;  Krflger  and  BalomoD.  ZelLiobr.  f. 
pbyiiol.  Chem.Bd.  2-1. 

*Thiidirhiim.  '•OnmdxOge  d.  nnal.  mcd,  kiln.  Cbemie"  (Berlin,  186<S);  SalooDoe. 
Hu  BoU-Iioymond's  Arch.,  188"2.  and  Ber.  d.  dcutech.  chem.  aesellach.,  Bdd.  18  and  11 

^Balke,  "  Zur  Kcuntnlssdur  XuotblnkOrper"(Iuaug..DlsB.jLelpxig,  1898);  Salomon, 
Zeltwbr.  f.pbTslol.Cbem..  Bd.  18. 
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Epigiiftala,  LMIiNaO  =  T-niotliylguantn  (Eruoer  and  Salohok)  was  flnt  prepim^ 
from  the  utioc  by  Eitt'uKU.'  It  U  crvilaUiQc  ami  tlitlicultly  sulublp  in  hot  water  or 
■miuoDla.  It  Rrysialli/es  rrom  n  hot  SiK  rHiintlr-Hoda  »tIui!on  on  cooling  Into  broeul 
sbiniiig  crjitials.  It  dlf«olv(4  reftdll/  lu  liydnx-liloiic  or  sulpbuiic  ncid.  It  givei  & 
clwrmfleriaitc  cblDroplatttiale  rrysiallizing  in  t^ix-sldfii  pHsmi  It  Is  precliiltiiied  iii-ilber 
bybulc  l«a>l  ncetate  oor  bybiuic  Icul  acelale  aud  animunia.  Silver  nitrate  iiml  ain- 
iDOniagiveagelaliDous  prccipilitlti.  Jt  civcs  ihe  xatitln'n  li-sT  wttb  iillrJcacid  nud  alkuli. 
According  lo  Fibciikh  h  nets  llkt-  opiwrkfn  wStli  WKinKi.'stcst. 

Id  preparing  x«Qlliiii  bodies  frcnn  iLe  uHiie.  it  is  Aupersutunttcc]  witU  ammouia  autl 
pifdpttatetl  1)v  n  eilver  iitlmif  t'oltition.  TIiu  prrclpiiaie  h  iheii  iIccoiiipu«cd  with  sul- 
pbuTcUcd  bydro^D.  Tlic  boliing-bot  filtrate  is  cvnporalcd  to  dryneu  and  l!ie  diied 
rvniiltie  trrureil  willi  ^i  su1|iliutlc  acid  Tim  xntiliiin  Sodies  are  dlMolved,  while  tlie 
uric  nt'id  rvni&tiis  uudisaoWeil.  Thh  dllniu-  SsHnlunLtL'd  with  ammonia  nnd  prccipitsltKi 
by  G.i]rer.nitrate  BolotioD.  If  iiintcnd  of  prccipttHling  vrilli  cilvcr  »nliit1oii  wc  dt-slra  to 
piviripitaic,  accoiding  to  KittJniui  aud  WfLKK,*  with  fopp«r  suboside,  we  boat  the  urine 
lo  b'^illitg  and  finniediately  add.  «iiccv»ir«jy,  100  c.c.  of  a  50%  sodium-btsulpliito 
flolutiou  and  100  cr.c,  of  a  1211  cnppcr-sulplmlo  mihilloD  for  «Tcry  litre  of  urine,  Tlio 
tborougbly  wAsLcd  precipitate  h  decomposed  with  bydrocblorlc  acid  ftnd  an  t  pint  retted 
bydrOKeo.  TIte  uric  ncid  rtmains  in  grait  pari  on  the  filler.  If  you  bare  »  mixture  nf 
tbe  ailrrr  romblnnlions  nf  t!io  bn-ses  (son  almvo),  ibey  may  he  ik'C<inipo«ed  by  liycErn- 
cbloric  acid.  Fuidier  doialls  lit  regard  to  tlie  treatuR-ut  of  tbc  !>uiutluu  of  tlie  bydru- 
cbloric-acid  combliialious  may  be  found  lu  KntroBB  and  Halomok.' 

Qnaniiiative  Estimation  of  AUoj^^uric  Bases  according  to  Salkowski.* 
400  to  COO  c.c.  of  the  urine  free  from  proteid  is  first  precipitated  by 
magnesia  mixtnre  and  then  by  a  3%  silver-nitrnte  eolntion  as  described  on 
page  434.  The  thoroiigbly  waahed  silver  precipitate  ia  deconiposed  by 
eulphu rotted  hydrogen  after  being  auBpendcJ  in  GOO-SOO  e.e.  water  with 
the  addition  of  a  few  drops  of  hydrochloric  acid.  It  is  heated  to  boiling 
and  filtered  liot,  and  llimlly  eTa|>omted  to  dryness  on  the  water-bath.  The 
residue  is  extractf^d  with  30-:}0  c.c.  hot  3^  sulpharic  acid  and  allowed  to 
stand  24  houra,  tbe  nnc  acid  filtered  off,  waBlied,  the  filtrate  made  ani* 
mooiacal,  and  the  xuntbin  bodies  prectintntod  again  by  silver  nitmto,  the 

Srccipitatc  collected  on  a  small,  chlorine-free  filter,  washed  thoroughly, 
ried,  carefully  iiioiiiemtetl,  tbe  ash  dissolved  in  nitric  acid,  and  titrated 
with  ammoninm  sulpliocyanide  according  to  Voliiaki>'s  method.  The 
animoninm-stdpliocyanide  Bohitioii  sbonld  contain  1. '■!-'■;. 4  grins,  per  litre 
and  its  strength  be  determined  by  a  silrer-iiitrate  solution:  1  jwrt  silver 
corresponds  to  0.'i77  grm.  nitrogen  of  alloxnric  haws  or  to  0.7381  grm. 
alloxnric  bases.  Hy  tliis  method  the  uric-iLirid  and  idloxiiric  bases  can  be 
nmuItaDeoiialy  deterniiued  in  tbe  same  portion  of  artue.* 


M.xLFK'm*  dclcrrninv^  tbe  idlm^un  (if  tlie  iilloxuHe  buiies  in  tlic  llltmlc  fn>[n  the 
■epArari  cl  uric  iu-id  coiitiiinhiit  liydrocliUirir  ttcld.  Tliis  llbrate  is  L'vupomlcd  wilti 
ntujtnesia  null)  nil  AniiiiLiuia  ba.'«  been  i-xpellnl  and  tliC  ivsldnu  ui^ed  for  ifae  Ejki.I>aIU. 
dcloruiiualion. 

Tlie  ntlrogou  of  tbe  alloxurlc  lues  b  h1m>  determlued  as  the  dUIereace  betweeu  tbe 


'  Dii  llois  Iteymond'a  Arch.,  1)^£K  ;  KrQgeraod  t^aloinon,  Zetlscbr,  f.  pbyslol.  Cbem., 
Bdd.  24  aud  26. 

•  Zeltaobr.  f.  pbyidol.  Cbem.,  Bd.  30. 
>  Ibid,  26. 

*Pflnger'«  Arch..  Bd.  69. 

*  In  regard  to  detaili  we  refer  tbe  reader  to  tbe  original  paper. 
•CenlTalbl.  f.  loocreUed..  18»7. 
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uiic-acid  oHrogcu  hmi  the  total  nitrogen  of  the  nlloxurlc  bodies  of  the  silver  precfpfute 
(Cambhbr,  Abnstbin  '),  Halkotchki  has  mlwd  ibe  nbJectloD  to  this  procwdure  Uial  it 
It  not  poulbk-  to  remove  aH  tb«  ammonia  from  the  tilvtr  precipitate  by  wulilng.  Ae- 
corilliig  to  AitKMTKiK,'  tins  f.an  it-aillly  tie  done  tiy  botling  the  pm.-i|TiiHic  in  water 
and  some  nia^ticsiu.  and  under  these  circumstances  this  method  la  quite  aervicnthlp. 
Thi!  uilrogi-ii  in  ealiiJiftleii  l-y  K.)P.r.iiAnL'8  int^'lliod.  The  urfc-ncid  nitn>ff(?n  inulUjiHrd 
by  8  givra  llic  quanilty  nf  tiHc  ftcid,  As  tbc  mixture  of  alloxuric  bases  in  t)te  urioels 
not  Ittiuw-ri.  tliv  quuutlly  of  iiitiogeu  of  the  alluxinic  ha«»  Is  always  cutculati-d  ai  a 
cenain  aUuxuric  imnv,  for  (;xiiiti|i1v  siiuthln  (Camkrkh).  and  the  quantity  no  found  oied 
as  a  measure  for  the  iilloxuric  ba»c<i.  KRi'OER  atid  WcLFT's  mettiod  has  been  afaovn 
by  the  rcsearclivs  uf  Hl^iteiit,  Sai^kuwekj,  Klatuw,  and  Rbitzesbtbin  *  not  to  jid4 
■ul^leDtly  ncciintie  results. 

Osalitm  Acid,  O.II.N.O.  =  [C0N.Ht)CO.CO0H.  This  add,  wbone  retetlon  10 
uHc  acid  and  urea  hiu  been  spoken  of  abore.  occura  only  as  tncea  fn  Ih«  urine  ai 
ammunium  aalts.  This  salt  is  out  diceclly  precipitated  ty  CuCli  and  NHi ,  hut  after 
bolllti;;.  when  it  is  deromnofled  into  urf>a  and  nxnlRtc.  In  prepnrtng  oxaluric  acid  frnn 
uHik:  ib«  latii'i*  is  Dllcn-d  through  Milmal  chsrcoal.  The  oxalurate  ralatued  by  Ute 
chaicoal  may  lie  ubtained  by  boiling  tvith  alcohol. 

POOTT 
Oxalic  Acid,  f',n,0,,  or -^,--^_.,  occnrs  under  physiological  conditioriB 

in  very  Bmall  aniotintB  iu  tlie  urine,  abont  0.03  gmi.  in  24  lionm  (Ft"a- 
itRiNflEH').  Acconling  to  tlte  g:en6rallT  accepted  riew  it  exisu  iu  tbc 
nriDe  as  culcinm  oxulate,  which  is  kept  in  solution  by  the  acid  pIioflphate§ 
present.  Culcliiin  oxukte  is  a  frequent  conetituent  of  nrinary  Bediments, 
and  occnrs  also  in  certain  nrinarj  calculi. 

The  origin  of  the  oxalic  acid  in  tlie  urine  ia  not  well  known.  Oxalic 
acid  when  wlministered  is  eliminated,  at  least  in  part,  by  the  Drine 
nnchanged; '  and  as  many  regotubles  and  frnits,  eiich  oa  cabbage,  apitiach, 
a£par&gtis,  Borrel,  apples,  grapes,  etc.,  contain  oxalic  acid,  it  is  poesible  tbaf 
a  pari  of  tlie  oiulic  acid  of  t)ie  urine  originates  directly  from  the  food. 
That  oxalic  acid  muy  he  formed  in  the  aiiiiiiul  body  as  inetaholio  prodnctt 
from  protejds  or  fata  follows  from  the  ohserrations  of  Mills  and  LOthjb,' 
who  found  in  dogs  on  an  exclusively  meat  and  fat  diet,  as  also  in  starTatJOD, 
that  oxalic  acid  was  ehniinated  by  the  urine.  A  part  of  the  oxalic  acid 
may  also  be  due  to  a  greater  destruction  of  proteids  or,  as  found  hy  Rralx 
and  BoEHi,  as  well  at  Teicray,'  a  greater  quantity  of  oxalic  acid  eliminated 
with  diminiahed  osygeu  snpply  and  increased  prot«id  destruction.  Some 
claim  that  oxalic  acid  is  formed  by  an  incomplete  combnstion  of  the  carho- 


>  Cnmer^r.  Zeitsrhr.  f.  Biologic,  Bild.  26  and  28;  Amsteln,  Zeitachr.  f.  physfaiL 
Chum.,  Bd.  33. 

«  Salkrtwskl.  I.  c;  AmHtitn,  Ceutmllil.  f.  d.  meil.  Witaenach.,  1898. 

■  KrUger  aad  Wulll.  ZtdtKhr.  f.  phyaiol.  Cheni.,  Bd.  SO:  Huppert,  ibid..  Bd.  S9; 
Balkowski,  Deutuch.  mid.  AVocheimrlir  ,  ISBT  ;  Fhiiow  am)  Reltzi^nsuHn.  Und..  IMT. 

*  Deutscb.  Arch.  t.  kiln.  Med. ,  Bd.  18.  See  also  Dunlop.  Joum.  Falb.  and  BKlerfol., 
Vol.  8. 

*  In  regard  to  the  behavior  of  oxalic  acid  Id  Ibe  animal  body  see  paffv  478. 
•Mills.  Tircbow's  Arch..  Bd.  90:  Ulihjo.  Zcilsobr.  f.  kiln.  Med..  Bd.  85. 

*  Reale  and  Boeri,  Wieu.  mvd.  Wochenschr.,  1B85 .  Terray,  PUOger's  Arofa.,  Bd.  tf 
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hydrates,  bat  this  ia  denied  by  LCtqje,  and  finallj  the  oxalic  acid  of  the 
nriiie  is  considered  as  an  oxidation  product  of  nrtc  acid.  Lomusl'  has 
found  for  three  days  with  food  free  from  oxalic  acid  aud  takitig  each  daj 
0.671  grm.  oxalic  acid,  as  sodiam  oxalate,  tliat  only  10.3^  of  the  acid 
was  regaiaed  in  the  urine  and  fa-cee,  which  seems  to  show  that  the 
acid  is  conenmed  in  the  animal  body.  Wlien  an  increase  in  the  nnc  acid 
eliminated  was  obtained  by  feeding  with  thymnSf  the  elimination  of  oxulio 
acid  waa  simaltancoiislv  increased.  Loumkl  has  also  found  that  gelatin 
considerably  increases  tho  climinaLiou  of  oxalic  acid. 

An  increased  elimination  of  oxalic  acid  may  occnr  in  diabetes  and 
icteras.  The  qnestion  whether  it  occnrs  as  an  inilependent  disease  (oxa- 
Ittria^  oxalic-acid  diathesis)  has  not  been  positively  decided. 

Tbe  properties  and  reactions  of  oxalic  acid  and  calcinm  oxalate  are  well 
known.  Calcium  oxalate  as  a  constituent  of  urinary  sediments  will  be 
described  later. 

Detection  and  Quantitative  Estimation  of  OraUc  Acid  in  Urine.  Tho 
presence  of  oxalic  acid  in  solution  in  urine  is  deterniino<l  iiccording  to  the 
method  supgesred  by  Nelbal'eb,  who  treats  SOO-'JOO  c.c.  of  the  urine  with 
CaCl,  solution,  nia)ce»  alkaline  with  ammonia  and  then  faintly  acid  with 
acetic  acid.  After  24  hours  the  precipitate  is  collected  ou  a  small  filter, 
washed  with  water,  treated  with  hydrochloric  acid  (which  loaves  tbe  nric 
acid  undisHolvoi!  on  the  filter),  ami  washed  again  with  n'ater.  Tbe  filtrate, 
including  the  wasb-water,  is  treiited  with  an  excess  of  ammonia  and  allowed 
to  stand  '•!4  lionra.  Cnlcinm  oxalate  separates  as  quailratic  octabedm.  The 
qaantitatire  estimation  is  performed  after  the  sanie  principle.  The  oxalate 
is  converted  into  quicklime  by  heat,  and  weighed  as  such. 

AllantoinoroLYOXYLDirBEiD, U,K,N,0,orCO<' ....  ,,^  ', 

occurs  in  tbe  urine  of  ohildien  within  the  first  eight  days  after  birth,  and 
in  tery  small  amounts  also  in  tho  nrine  of  adults  (Gcssekow,  Zieoleu  and 
iU^KMAN'N).  It  is  found  in  rather  abundant  quantities  in  the  uriuo  of 
pregnant  women  ((jI'ssekow).  AUantoin  has  also  been  found  in  the  urine 
of  sucking  calves  (Woiiler),  and  sometimes  in  tbe  urine  of  otber  animals 
(Meissxkr).  It  is  also  found  in  the  amniotic  fluid  and,  as  first  shown  by 
Vacquelin  and  La.'^saione,*  in  the  allantoic  fluid  of  tbe  cow  {hence  the 
name).  Allantoiu  is  formed,  as  above  stated,  by  the  oxidation  of  uric  acid. 
The  increased  elimination  of  allontoin  which  Salkowski  observed  in  dogs 

t  Cotnmiitilratlon  of  Fr.  Volt.  SltzuDgsbtir.  H.  Gesellscli.  f.  Morph.  ii.  Pliydol.  la 
Moocben,  1690. 

'  Zlcglcr  and  HermnTiii,  see  Ouueraw,  Arch.  f.  GynSkol,  Bd,  S~)iolh  cited  from 
Huppcrt-Neuhauer,  Ilani-AiniIyM.  10.  Aufl..  S.  8";  W6hler.  Aiiual  J.  Cbcm.  u. 
PliKrm.,  Bd.  70 ;  MelMaer.  Zellactir.  f.  nX.  Med.  (8),  i)d.  81;  LiuwJgnc,  Aiiual.  dc  Chlm. 
K\  Pliya.,  Tome  17. 


ftfter  the  administration  of  uric  acid  ahown  that  the  formation  of  nllatitoin 
from  aric  acid  in  tbe  organism  ia  not  improbable.  Buiiis^ow  has  obserred 
an  abondant  olimination  of  allantoin  in  dogB  after  poiBoning  with  diomid, 
and  Th.  Cohk  bus  obeerved  an  ahandaut  elimination  of  allantoin  after 
thymus  feeding.  Salkouski'  has  obserred  the  same  on  feeding  with 
pancreas.      Allnntoin  has  also  been  found  in  the  plant  kingdom. 

AUaittoin  is  a  colorless  substance  often  crjstalliziug  in  prisims,  clifficoltly 
eolnble  in  cold  water,  easily  soloble  in  boiling  water  and  also  in  warm 
alcohol,  but  not  soluble  in  cold  nicohol  or  ether.  It  combines  with  acid*, 
forming  salt*.  A  watery  allantoin  eolation  gives  no  precipitate  with  siUer 
nitrate  alone,  btit  by  the  careful  addition  of  ammonia  a  white  tioccaleot 
pr«iMjiitate  is  formed,  C^rt^AgN'^O, ,  which  is  soluble  in  an  excess  of 
ammonia  and  which  consists  after  a  certain  time  of  very  small,  tmueparent 
microscopic  globules.  The  dried  precipitate  contains  40. 7d^  silrer.  A 
watery  allantoin  solution  is  precipitated  by  mercuric  nitrate.  On  continn- 
ous  boiling  allantoin  reduces  Fehun'g's  solution.  It  gives  Scnipp's  fnr- 
fnrol  reaction  less  rapidly  and  less  intensely  than  nrea.  Allantoin  doee  doc 
give  the  murexid  teat. 

Allantoin  is  moat  easily  prepared  by  the  oxidatioD  of  uric  acid  with  lead 
peroiide.  In  preparing  allantoin  from  calves'  urine,  concentrate  the  urine 
on  the  water-bath  to  a  ayriip  and  allow  it  to  staud  in  the  cold  for  several 
days.  The  crystals  which  are  separated  from  the  precipitate  by  washing 
are  dissolved  in  boiliug  water  with  the  addition  of  some  animal  charcoal, 
anil  [iltereil  while  hot;  tlii^ti  acidify  the  filtrate  faintly  with  hydrochloric  acid 
(so  as  to  kee]>  the  phosphates  iu  solution)  and  allow  it  to  cr}-atallUe. 
Allantoin  is  detected  iu  human  urine  by  the  method  hrst  suggested  by 
Meissn'EB.  It  consists  chiclly  of  tlio  following  points:  IVecipitjite  the 
urine  with  baryta-wuter,  Oltor,  remove  the  baryta  with  sulphuric  acid,  Qlter 
Again,  precipitate  the  allantoin  with  HgCl^  in  alkaline  solution,  deconipoes 
the  precipitate  with  sulphuretted  hydrogen,  concentrate  strongly,  parity 
the  crystals  which  separate  by  recrystallization.  and  lastly  pre})are  the  silver 
combination. 

Hippuric  Acid,  or  iienzoyi,-amii>o  acktic  acid,  C,H,N0,  or  C,II,.CO. 
Kll.Cli,.C001I.  This  acid  deoompoaes  into  benzoic  acid  and  glycoooll  on 
boiling  the  urine  with  mineral  acids  or  alkalies,  and  also  by  pntrefaction. 
The  reverse  of  this  occurs  if  these  two  couiponcuts  ore  heated  in  a  sealed 
tube  acconling  to  the  following  etiuation:  C.II.COOH  +  Xn,.CH,.CO0II 
=  C,n..C0.NU.CU,.COO1I  +  II,0.  This  acid  may  be  synthetically  pre- 
pared from  bcnzamid  and  monochlor-acetic  acid,  C,1I,.C0.N'U,  -f  ClJ.Cl 
COOII  =  C.U,.CO.>'U.Cn,.C00U  +  UOl.  and  in  various  other  ways. 

Hippuric  acid  occnrs  in  large  amounts  iu  the  urine  of  berbivora,  bat 
only  in  small  qaantitiee  in  that  of  camivora.     The  quantity  of  hippuric 


■  8«lk»w«kl.  Ber.  d.  deuttcb.  etaem.  OesollKb.,  Bd.  0  I'Boriisow.  Zcltschr.  f.  pbydoL 
Chem..  Bd.  19 ;  Cobn,  ibid..  33  ;  Salkowskl,  Ceatmlbl.  f.  d.  med.  Winensoh.,  IdtS. 
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acid  oliminnted  iti  bamaD  nriue  on  a  mixed  diet  is  aeaally  leu  than  1  grin, 
por  day;  as  an  »rerage  it  is  0.7  grm.  After  eating  freely  of  vegetables 
and  fruit,  especially  enoh  frnit  as  plums,  tbe  qtmntity  may  be  more  than 
2  grms-  Hippuric  acid  is  also  found  in  the  perspiration,  blood,  suprareual 
capeule  nf  oxen,  and  in  iiiliUiyoitis  Bcalefi.  Xothing  in  positively  kiiotrn  in 
regard  to  the  quantity  of  hippnric  acid  in  the  urine  in  disease. 

The  Ibrmatwn  of  Hippuric  Acid  in  the  Organism.  Benzoic  acid  and 
■Iso  the  substituted  benzoic  aoid.i  are  converted  into  hippuric  acid  and  sub- 
stltnted  hippuric  acids  within  the  body.  Moreover,  those  bodies  are  trans- 
formed into  hippnric  acid  vhich  by  oxidation  (tolaol,  cinoamic  acid, 
hydracinnamic  acid)  or  by  reduction  (quinie  acid)  are  converted  into  ben* 
zoic  acid.  The  question  of  the  origin  o'  hippnric  acid  Is  therefore  connected 
with  the  question  of  the  origin  of  benzoic  acid;  for  the  formation  of  the 
second  component,  glycocoll,  fron-  the  protein  substances  in  the  body  is 
anquestionable. 

llippnric  acid  is  found  in  the  urine  of  starving  dogs  (Salkowski),  also 
in  dog's  urine  after  u  diet  conaititing  entirely  of  meat  (^[eis^n'eu  and 
StiEPAitt),  Sa r.KnwKK [,  and  others').  It  is  evident  tlmt  the  benzoic  acid 
originates  in  these  cases  from  the  proteids,  and  it  is  generally  admitted  that 
it  is  produced  by  the  pntrefaction  of  proteids  in  the  intestine.  Among  the 
protlticts  of  the  putrefaction  of  protcld  oat&ide  of  the  body  Salkowski  has 
fonnd  phenylpropiouic  acid,  C,U,-CII,.CII,.(,'OOII,  which  is  oxidized  in 
the  organism  to  benzoic  acid  and  elim.iuatc'd  as  hippnric  acid  after  combin- 
ing with  glycocoll-  rhenylpropionio  acicl  seems  to  be  formed  from  tbe 
amidophenylpropionic  acid,  which  Is  derived  only  from  the  plant  proteids. 
The  supposition  that  the  phenylpropiouic  acid  is  produced  from  tyrosin  by 
putrefaction  in  the  intestine  has  not  been  substantiated  by  ihe  researches  of 
Bai'STAXX,  Schottejc,  and  I^aas.'  The  importance  of  putrefaction  in  tbe 
intestine  iu  producing  hippuric  acid  is  evident  from  the  fact  that  after 
thoroughly  disinfeotiug  the  iiitostine  of  dogs  with  calomel  tbe  hippuric  acid 
disappwira  from  the  urine  (Bacmanx  *). 

Tbe  large  quantity  of  hippuric  acid  present  in  the  nrioe  of  herbivora  is 
partly  explained,  by  the  specially  active  processes  of  putrefaction  going  on 
in  the  intestine  of  herbivora,  but  is  especially  due  to  the  large  quantiiy  of 
iobstances  forming  benzoic  acid  in  the  plant-food.  According  to  (Eotzk 
and  Pfkipfku'  the  pentoses  stand  in  close  conuection  with  the  eliminatiou 


■  SivUowikl,  Bcr.  d.  (Ieut«r1i.  chem.  Oewllscli.,  Bd.  11  ;  Helwtiier  kdc]  8be)>artl,  Un- 
tenucb.  Ubor  das  Eotstebeu  der  HippiirsaurB  im  thitrlscheu  Orijaolimus.  IlaDnover. 
18M. 

'  E.  auii  II.  Balkowskl,  Oor.  d.  (Icuiscti.  cb«m.  Gost'llech..  Dd.  IS  ;  ll&ujnAiin,  Zett- 
scbr.  f.  pliy»!ol.  Ciicm.,  Btl.  7;  Scbottua,  »M1.  Bd.  8;  Baas,  lAwf.,  Bd.  II. 

*  Rid..  BiJ.  IO.fi.  181. 

«  8cc  Uiily's  Jabresbor.,  Bd.  3S. 
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donbt  that  the  bippc 
;r  a  mixed  Uiet,  aaa  especially  aftor  a  diet  ol 
vegetables  and  friiltH,  originates  in  ^wrt  from  the  aromatic  snbstaDc^s  form- 
ing benzoic  acid,  tiamely,  qiiiuic  aoid. 

The  kidneys  may  be  considered  in  dogs  as  Bpecial  organs  for  the 
STDthesia  of  hipptiric  acid  (Sciimikhkiieku  and  Bi'NOB ')•  Id  ^'tlier 
aniiiiutB,  as  in  rabbits,  the  formittion  of  hippnric  acid  eoems  to  take  place  in 
other  organs,  eiinh  aa  the  liver  and  moKlea.  The  aytittieeis  or  hippunr  ariii 
is  therefore  not  excInstTely  limited  to  any  epeciiil  organ,  though  i>erh&ps  ia 
some  species  of  animals  it  may  be  more  abundant  in  one  organ  ibaD  ic 
another. 

Vropertiet  and  reactions  of  Ilippuric  Acid.  This  acid  crystallizes  in 
setni-trananarent,  long,  foar-aided,  milk-white,  rhombic  prisms  or  oolamos, 
or  ill  needles  by  rapid  cryBtaltization.  They  disAolvo  in  r>i>0  parts  eoM 
water,  bnt  more  easily  in  hot  water.  They  are  easily  solnble  in  alcohol, 
bnt  with  difficnlty  in  ether,  They  are  more  easily  solablc  (about  13  timH) 
in  acetic  ether  than  in  ethyl  ether.  Petroleam  ether  does  not  diaiolTs 
them. 

On  heating  hippuric  acid  it  first  melts  at  lt^7.5°  C.  to  kd  oily  liquid 
which  crystal1iz.es  on  cooling.  Dy  continoing  the  heat  it  docompoeee,  pn- 
dncing  a  red  mass  and  a  snblimate  of  l>en-/,oic  acid,  with  the  generatlou, 
first,  of  a  peculiar  pleasant  odor  of  hay,  and  then  an  odor  of  hydrocyaoie 
acid.  Hippnric  acid  ia  easily  difTerontiated  from  benzoic  acid  by  this 
beharior,  also  by  its  cryiitalliiic  form  and  its  iosoluhiUty  in  petroleum  ether. 
llipparic  acid  and  benzoic  acid  both  give  LCckb's  reaction,  uamely,  tbtj 
generate  an  intense  odor  of  nitrobenzol  when  evaporated  with  nitric  acid  to 
dryness  anrl  when  the  residue  ia  heated  in  a  glass  tube  with  sand.  Ilipporio 
acid  forms  crystallizable  salts,  in  most  cases,  with  bases.  The  combioBtioai 
with  alkalies  and  alkaline  earths  arc  soluble  in  water  and  alcohoL  Tbe 
silver,  copper,  and  lead  salts  are  soluble  with  difficnlty  in  water;  the  iron- 
oxide  salt  is  ituolable. 

Hippuric  acid  ia  best  prepared  from  the  fresh  nrine  of  a  horse  or  cow. 
The  urine  in  huilnd  a  few  minutes  with  an  excess  of  milk  of  lime.  The 
liquid  is  filtered  while  hot,  concentrated  and  then  cooled,  and  the  hippnric 
acid  precipitated  by  .the  addition  of  an  excess  of  hyilrochloric  wid.  The 
crystals  are  pressed,  dissolved  in  milk  of  lime  by  boiling,  and  treated  la 
above;  the  hippuric  acid  ia  procipitat^^d  again  from  the  concentrated  filtnts 
by  hydrochloric  acid.  The  crystals  are  purified  by  recrystalUzatiod  and 
decolorized,  when  ueceasary,  by  animal  charcoal. 

The  quantitative  estimation  of  hipptiric  acid  in  the  urino  msv  be  per- 
formed by  the  following  method  (Bunoe  and  Si'i]Ui£i>EHF.Rn*):  'the  arise 

'  Arch.  f.  cxp.  Path  ii.  Phonn..  Bd.  8  ;  also  Ar.  Huffmnna.  iKd,  Bd.  7,  and  Keclii. 
Pllnger'a  Arch.,  Bil.  20. 

■  Arcli.  f.  cip.  Path.  il  PUnrm..  Bd.  S. 
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ia  first  made  faintly  alkulino  wtcb  sociu,  evaporated  nearly  to  drjneu,  and 
the  re&idoe  thoroughly  extracted  with  atroag  alcohol.  After  the  erapora- 
tioii  of  tlie  alcohol  disfioUe  in  water,  acidify  with  Btilphuric  sicid,  and 
completely  extract  by  agitating  (at  least  lire  times)  with  fresh  portions  of 
acetic  ether.  The  acetto  ether  is  then  rejieatetlly  washed  with  water,  which 
ia  removed  by  means  of  a  separatory  funnel,  then  eTai)oratod  at  a  inedinm 
teinperaiure,  and  the  dry  residue  treated  repeatedly  with  petroleum  ether, 
which  dtMolves  tlie  benzoic  acid,  oxyacida,  fat^  and  phenol,  while  the 
hippuric  acid  remaiuB  undissolved.  This  residue  is  now  ditisolved  in  a  little 
warm  water  and  evaporated  at  50-60*^  C.  to  orystallization.  The  crvKtiils 
are  collected  on  a  small  weighed  lilter.  The  mother-liquor  ia  repeiitedly 
shaken  with  acetic  ether.  This  last  id  removed  and  evaporated;  the  r«sidae 
is  added  to  the  above  crystals  on  the  filter,  dried  and  weighed. 

Phaii««etiiriB  Aeld,  C.JI,,NO.  =  C.H.,CH,,CO.SH.CHs.COOIL  TliUndd,  which 
h  producc-d  in  iheauimul  body  byngmu|>l1IKl^f  the  pli>c[iylacelic  acid,  Cdh.CUi.COOII, 
foruK^tl  liy  iLu  piitrefiiolloii  of  thi:  jirolcidH  with  glycocuil,  Imi  liocti  iiruiiaied  frum 
bonu.>'a  unne  by  Salsdwasi,'  hul  It  pmbnlily  also  occurs  in  hiimun  urine. 

B«nBolo  Acid.  Cifl.O,  or  Ctlli  COOU.  U  fr^tiuil  In  rnlibit's  udue  ucid  EoniPiime<i. 
thniiirli  ill  Hnmll  niiioUEits.  in  ildg'a  uriiii-  (Wkyi.  uikL  v.  AskkI')-  Arrdrding  lo  Jakhb- 
TELD  iind  Htokvih  uiid  to  Khonrc'KBK  it  fs  iIho  foiiod  In  huinaa  uHue  lu  diseasfs  ot 
the  kidneys,  Tlitt  ucciiirence  of  t)uii«atc  acid  in  the  urino  Ht'ms  tn  bv  due  (o  a  fer- 
mvniatlTe  decompntdtloti  of  hl|ipwric  acid  fiurli  a  dtKrompo^IitoTi  miiy  very  esally 
4iccur  in  an  ulkalitie  tirin«  or  noe  coutainliif;  prutdil  (Vak  oe  Velds  niid  tiTi^Kvin). 
In  cert'iin  aiilnialH— pigs  and  dog^ — tht:  kidnryft.  ncmnliug  to  .SniuiBDKSXBO  itnd 
MlKKOWfliu,*  conlidu  ft  8pe  fftl  enzytnt',  Scumiedehsro's  Atf 
litppiiric  »dd  wilh  ibe  itepaiHtiou  vt  b«D2oic  acid. 


'•tttoti/Di,  wlifch  splits  the 


£thereal  Sulphuric  Acidi.  In  the  putrefaction  of  protcida  in  the  inles- 
lioe,  phenols,  wliose  niotlier-Bulislaiice  in  considered  to  he  tyrosin,  and 
indo!  and  skalot  are  produced.  Thetfo  phenols  directly,  and  the  two  last- 
named  bodies  after  they  have  been  oxidized  into  indoxyl  and  skatoxyl, 
pass  into  the  nrine  as  ethereal  sulphuric  acids  after  uniting  with  anlphnrio 
acid.  The  most  important  of  these  ethereal  acids  are  phenol-  and  r.resol- 
tulphuric  acid — which  were  formerly  also  called  phenol-forming  sabstance 
— indozyt-  and  shUo-r^l'Suljihuric  acid.  To  this  group  belong  also  the 
pyrocatechin-Jiulpkiiric  acid^  which  occors  only  in  very  small  aniounts  in 
linman  nrioe,  and  hfjdrochinon-sxdphnric  acid,  which  appears  in  the  urine 
after  poisoning  with  phenol,  and  under  phyBiotogical  conditions  perhaps 
other  ethereal  acids  occur  which  have  not  been  isolated.  The  ethereal 
salpbnrtc  acids  of  the  urine  were  discovered  and  specially  studied  by 
Baumank.*  Tiie  quantity  of  Ihetie  acids  in  human  urine  ia  small,  while 
horae'a  nrine  contains  largor  qnantities.  According  to  tho  determinations 
«f  V.  D.  Vki.dkv  thfi  quantity  of  ethereal  sulphuric  acid  in  houian  nrine  io 
tho  li4  hotirs  variee  between  0.094  und  O.U2t)  grma.     The  relationship  of 


'  Zcilwhr   f.  pliysi.d.  L'bem,.  Bd.  9. 

*  Wuyl  mill  V.  Aiir«p.  ZvilMiir,  f.  pbyslr^l.  Ch*ro.,  Bd,  4;  Jaanreld  Add  Slokvis. 
Arcb.  r.  exp  pAtli.  11.  Pbnnn.,  ltd,  10;  Knjntukur,  ifri'*/.,  Bd.  16;  Vnn  dcr  Veldt  and 
Slokvia,  ibid,.  Bd.  17 :  Sclimicdeberg,  ii,id..  Bd.  14,  B.  STS ;  Mlnkowiikl.  ibid,.  Bd.  17. 

■  PflOger'B  Arcb..  Bdd.  13  and  18. 
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the  nnlphate-sulpliuric  acii3  A  to  the  cniijngabed  enlpbnric  acid  B  in  health 
is  on  an  arernge  aa  Ifl  :  1.  It  nnJergoes  sndi  great  variation,  as  foond  hy 
Bjll'ma.nn'  and  IIkktkh  '  and  after  them  by  tuanv  other  iDTesttgators,  tliBt 
it  is  hardly  possible  toconeider  the  overage  figures  aa  normal.  After  taking 
phenol  and  certain  other  aromatic  snbstances,  aa  well  as  when  pntrefaction 
ivithiii  the  orgauisui  is  general,  the  elimiuatioh  of  ethereal  sulplmric  acid  is 
greatly  Increased.  On  tlio  contrarj'  it  is  dirnini«licd  when  the  piitrefuction 
in  thtt  intestine  is  reduced  or  prerented.  For  this  reason  it  may  be  greatly 
diminished  by  carbchydrates  and  exclusire  milk  diet.*  The  intwUnal 
pntrefaction  and  the  elimination  of  ethereal  snlpluiric  acid  baa  also  been 
dimiiiisbed  in  certain  cases  by  certain  tberapentio  a^iits  which  have  an 
antiseptic  action;  still  the  statements  are  not  nnanimous.* 

Great  importance  has  been  giveu  to  the  relationship  between  the  total 
snlphnric  acid  and  tlie  conjugated  snlphnric  acid,  or  hettreen  the  conjngatcd 
snlphuricacid  and  the  siilplmte-stilphtiric  acid,  in  the  study  of  the  intemily 
of  the  putrefaction  in  the  iiitefitiiie  tinder  different  oondttiona.  Serend 
inrestigatore,  F.  MCli.er,  Salkowski,  and  v.  XooRnEN,'  consider  cor- 
rectly that  this  relationship  is  only  of  secondary  value,  nnd  that  it  is  more 
correct  to  consider  the  absolnte  Talae.  It  must  be  remarked  that  the  abeo> 
Inte  \aliiefi  for  the  conjugated  snlphnric  acid  aleo  nndor^^o  great  variatioo, 
so  that  it  is  at  present  impossible  to  give  the  upper  or  lower  limit  for  the 
normal  value. 

Phenol- and  p-Cre$ol-STilphuric  Acid,  C,1I,.O.SO,.OII  and  C,n,.O.S0,. 
OH.  These  acids  are  found  a^  alkali  salts  in  hnman  nrine,  in  which  alto 
orthocresol  has  been  detected.  The  quantity  of  cresol-sulpliunc  acid  is 
considerably  greater  than  phonol-sulphnric  acid.  In  the  (piantitative  esti- 
mation the  phenols  eat  free  from  the  two  ethereal  acids  are  determined 
together  as  tribromphenol.  The  quantity  ol  phenols  which  are  Reparat*ii 
from  the  ethereal-snlphnric  acids  of  the  nrine  amounts  to  lT-51  milli- 
grammes in  the  24  hours  (Munk).  The  methods  for  the  quantitative  esti- 
mation used  heretofore  give,  according  to  IU'mi'F,  as  well  as  Kosslek  and 
Pessy,'  snch  inacunrato  reeirlts  that  new  determination 8  are  very  desirable. 
After  a  regetable  diet  the  qaantity  of  these  ethereal -snlphnric  acids  i& 

>  T.  A.  VpHcn.  Vircliaw'B  Arch..  Bd.  70;  Berter.  ZciUclir.  f.  pliyslol.  Cbcra.,  Bd.  L 
•  Bee  HirscliLer.  Zellscbr.  f.  pbrsiol.  Clietu..  Bd.  10  ;  Bioroaokl,  Dculsch.  AtdL  f. 

kUn.  M»l..  \\A.  -19;  Hoviglii.  Zelucljr.  f.  physlol.  Cbem.,  Bd.  16!  Wiaiernfu,  tS»(f.,aAd 
Bcbmiti.  itid.,  Bdd.  17  and  18. 

'  See  BHiimann  aod  Momx,  Zcltscbr.  f.  pbyslol.  Cbem.,  Bd,  10;  Stclfl,  ZeltKhr.  f 
kiln  Meil  ,  Bd.  16;  Itovlglil,  1.  c;  Stern.  Zcitsrhr.  f.  Hygtece,  Bd.  IS;  and  BurtuK-br- 
wilM-b,  Zciiftchr.  f.  pbyslol.  Cbem.,  Bd.  17 :  HoaM.  itt'd..  Bd.  93. 

«Mliner,  Zeil&chr.  t.  kiln.  Med.,  Kd.  IS;  t.  Noorden,  iind.,  Bd.  17;  Salkowtki. 
ZeilBChr.  f.  ph>'B[o].  Cbem.,  Bd.  12. 

>  Miiiik,  PflDger'fl  Arc-li.,  Bel.  13;  Rumpf,  Zeltsckr.  f.  pbyatd.  Cbem..  Bd.  16; 
Eosalcr  and  PeDoy.  md.,  Bd.  17. 
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greater  than  after  a  mixed  diet.  Aft«r  taking  carbolio  acid,  which  is  ia 
great  part  courerced  by  synthesis  witliiii  tlie  organiam  into  pheuol-dtherual- 
Bolphnric  acid,  besides  also  pyrocatechin-  and  hydrochiaoii-stilpharic  acid,* 
and  also  when  the  amount  of  siilpharic  acid  is  not  aiiflicieiit  to  combine 
with  the  phenol,  forming  ivhenyl-glycnrontc  acid,'  the  qnantity  of  phenols 
and  ethereal-aulpliuric  acids  in  the  nrine  Is  oonKiderablv  Increa8e<l  at  the 
expense  of  tho  aalphate-aaEpliiiric  actil. 

An  iticreaeed  elimination  of  phenol-sulphnric  acids  occnrs  in  active 
pntrefaction  in  the  intestine  with  stoppage  of  the  contents  of  the  intestina, 
as  in  ileus,  diCfused  peritonitis  with  alony  of  the  intestine,  nr  tnbercutona 
enteritis,  but  not  in  simple  obstrnciion.  The  elimination  is  also  increased 
by  the  absorption  of  the  products  of  putrefaction  from  purulent  wonnds  or 
abscesses.  An  increased  elimination  of  phenol  has  been  observed  in  a  few 
other  cases  of  diseasetl  conditions  of  the  body.* 

The  alkali  salts  of  phenol-  and  cresol-sulphnric  acids  crystallize  in  white 
plates,  Bimilar  to  uiuther-of -pearl,  which  are  rather  freely  solnblo  in  wat«r. 
They  are  soluble  in  boiling  alcohol,  but  only  slightly  soluble  in  cold.  On 
boiling  with  dilute  niiucml  acids  they  are  decomposed  into  aulphnric  acid 
and  the  corresponding  phenol. 

Phenol -sulphuric  acids  have  been  synthetically  prepared  by  Baumamn 
from  j>i)tiussiiini  pyrosuljdiate  and  phenol-  or  p-cresol-uotassluni.  Vor  the 
method  of  their  preparation  from  urine,  which  i^  rather  complicated,  the 
reader  is  referred  to  other  text-lHJoks.  Tim  rpiaiititative  eetintation  of  these 
ethereal-sulphuric  acids  is  done  by  determining  the  amonnt  of  pltenol  which 
may  bo  separated  from  the  urine  as  tribrompheuol.  In  thia  determination, 
when  the  urine  h  not  specially  rich  in  phenol,  about  one  fourth  of  the 
total  quantity  for  a  day  is  used;  it  is  acidilicd  with  concentrated  hydro- 
cJiloric  acid — 5  u,c.  for  every  ino  r.c.  of  urine — and  distilled  until  a 
portion  of  the  distillate  does  not  give  the  sligbcest  reaction  for  phenols  with 
MiLL«5N*s  reagent  or  witli  bromino-watcr.  The  ilistillato  ia  iiuw  carefully 
nentralized  with  soda  solution  (which  combines  with  tlie  benzoic  acid,  etc.) 
and  again  distilled  until  a  portion  of  the  diatillute  is  free  from  phenol,  as 
shoTTD  by  the  abore-nioutioned  reagents.  This  distillate  is  treated  with 
bromiue-waler  uucil  a  |)ermauent  yellow  color  is  pnxluced,  and  theu  allowed 
to  stand  for  abont  24  hours  in  the  cold ;  the  crystalline  precipitate  is  then 
collected  on  a  small  weiglted  filter,  washed  with  dilute  bromine- water,  dried 
over  sulplmric  acid  witlioiit  the  use  of  a  vacuum,  and  weighed  (100  parts 
tribrompheuol  correspond  to  2S.-i  parts  phenol).  It  is  assumed  tliat  the 
paracresioi  \*  first  converted  by  the  hromine-water  into  trlbronicresol 
bromine,  nnd  that  this  ia  then  gradually  changed  into  tribrompheuol  with 
the  discharge  of  carbon  dioxide.     As  shown  by  Rctupf  this  is  not  the  case, 

■  Sec  Baumiinn,  I'UUf^cr'M  Arcb..  Bdit.  12  aud  18,  Hud  Bnuuiaaii  anc)  Preusae.  Zelt< 
Bclir.  r.  pliyilol    Cliem,  Bd.  8.  S.  156. 

'  8climi«l<fl«'r)j[.  Arrli.  f.  csp   Path  ii.  PImrm.,  Bri.  14. 

•  Bcu  O.  Hojiiic  Si-ylui.  ZuilscUr.  f.  pliyiiol.  Obein..  D.I.  12.     Tliia  conUiinii  also  all 
lefeieuces  to  tbv  lliemiuro  on  tliU  siit>JecL     Pedcll.  Mnli»c)iou'»  L'tilcraijcii.,  Bi.1.  IS, 


1 


446 


URINS. 


but  (iLbromcresoI  is  chiefly  formed  iuetead.  This  method  is  therofore  not 
available  for  tli>3  atid  other  reasoua.  Among  the  other  mothodB  vhich  hare 
been  siig^^e-^ted.  the  follnwing  saems  to  \>^.  tho  raosC  avnilable. 

KcjssLt'R  and  pK:i?rvs  Meihod.  This  method  is  a  modification  of 
MESsryiiBit  and  Voktmann's'  volmitotric  ]>roceas  for  esliiuatiag  plienols. 
The  priuciple  of  this  procesi  is  as  followa;  The  liquid  containing  plieuol  is 

N 

treatsi]  with  —  caustit:  aoda  until  strongly  alkaline,  wanned  on  the  water- 
bath  in  n  tlosk  with  a  glass  stopper,  and  then  treated  with  an  exnn  of 

N 

—  iodine  solution,  the  c[nantity  being  exactly  measnred.     Sodiam  iodida  ia 

fxvAt  formed  and  then  scKlium  hypoiodite.  which  latter  forms  tri-iodoph«nol 
with  the  phenol  accortiing  to  the  following  equation: 

C.U.OII  -I-  3NaI0  =  C,II.I..OU  +  3NaOn. 

On  cooling  acidify  with  snlphnrio  acid,  and  determine  hy  titration  wtili 

W 

—  sodinm  thionnlphate  eolation  tlie  excess  of  iodine  not  used.    This  proceas 

is  also  aFailable  for  tlie  estimation  of  paracreaol.  Each  c.c.  of  the  iodine 
solntion  iiJiod  13  equivalent  to  1.3(j7*>  grms.  pheno]  or  1.8018  grma.  cresol. 
As  the  determination  does  not  gire  any  idea  as  to  tlie  variable  proportions 
of  the  two  phenols,  the  quantity  of  iodine  nscd  nmst  be  calcnlatefl  aa  one 
or  the  other  of  the  two  jiUenols.  Salkowskt  and  XF.rriEKCi '  havo  shown 
that  KnssuEuaud  Pessy's  method  give*  too  high  results  for  the  phenols 
in  the  proannce  of  glncogo  becaiiBe  prodncta  are  formed  from  the  carlw- 
hydrate  on  diBtfllation  which  combine  with  the  iodine.  The  method  most 
in  tUeiic  ruKes  be  nioilifleJ  ua  NtitKEii';  anggeHta.  In  regard  to  greater 
detiiila,  lUid  especially  to  precautions,  we  miiRt  refer  the  reader  to  the 
original  article  of  Kossr.Kiuind  Pesny  and  to  liiiM'KRT-NELJtAiER.' 

TIio  methods  for  the  separate  determination  of  the  conjngatod  Ktilphnnc 
acid  and  the  BuLiih»te-aidphuric  aciil  will  be  spoken  of  later  in  connection 
with  the  dcterininatiou  of  the  sulphnric  acid  of  the  urine. 

PTTOMteohin  inlpliurle  Acid  (uud  PviiuCATBCniN).  This  at'ld  wns  first  fouod  in 
borsc'k  iiiine  in  nillK-r  Itirpc  qimtitlUc's  hy  Baitmasn,  It  Ofciir*  in  Imuiau  uriiit'  only  in 
tb<;  Tvry  fimiillp6t  ijuntilitit^s,  mill  ])vrhM|i4  iR>t  cnUNtiintly,  bul  it  uccum  abiindfinily  In 
tii«  iirJuc  nFtcr  inkfitg  plirnol,  pyrocaCi'ctiln,  or  proioctilvcliuic  acid. 

With  uti  I'xc-litEivL-ly  iiii-nt  iIilI  \h\i  ncid  docs  not  occur  Id  the  uriuc,  anil  it  thcrernre 
muBt  oriffiimte  frum  vegclabtc  fuod.  It  prolmbly  orlginntcs  Tmrn  tlie  protooitirchuie 
aclJ.  wLicli,  accurding  tu  pREuesE,  pAMCs  lu  part  iatD  Uie  uriuc  as  pymcBteclilo-nl- 
pbiirlr  adil.  TUIs  oi^il  may  nlsa  perttapB  ctepenil  00  oxidation  of  phenol  wIUiId  iIk 
otgnnl-m  (TiArMASN  and  PnitrsPK*). 

PyrocAttoliin.  or  u-Diuxvhknzol,  CU,(011),  ,  was  firmt  observed  in  tbe  uriac  of  ft 
child  (EnsTRCN  atui  J  Mtn.i.Kit),  TU*!  reduring  body  alcapton.  flrrt  found  liy 
BODEKEU*  ill  hiimaD  urine  aud  which  was  coaaldcn-d  for  a  Mni;  time  ait  ideiitiral  will 
pyrocKlecbtn,  la  In  m<»t  ctiaes  proliably  komofftmiitiK  acid  or  urfileveu  attd  (see  bvlow). 

■  Kciaster  and  PL'ouy,  I.  c, ;  Vortniaua,  Bcr.  d.  deutsch.  cbem.  Qtnelbcli.,  Bd.  83. 
»  Zehschr.  f.  physlJl.  Cb«m.,  Bd.  27. 

*  Harn  Aiinlyse,  10.  Anil. 

*  Hatimnna  ftud  Hcrtct,  ZelttcLr.  f.  pbysJol.  Chrtu.,  Bd.  1 -.  Pniinee,  OAi.,  Bd.  Sj 
Baiiiiiiinii,  iJiirt.,  Bd.  8. 

'■  El»l«lD  nn<I  MQlltr,  Virchow's  Arcb.,  Bd.  6S;  Bod«ker,  Ztfltaclir.  f.  rat.  Med.  (^ 
Bd.  7. 
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Pymcstechiii  rrjrstatlizeii  lo  prisma  whidi  are  solublo  In  alcohol,  etber,  and  vnxtr. 
It  tnrluint  103-104  C.  nnA  *\M\nw9  in  ftjiliiln^  pEatcn.  Tim  watery  Baliition  berome* 
sr«eu,  broKQ.  nod  ulllmuU-ly  blnck  ia  Cliv  prcMuco  of  alkftli  ttod  tb«  oxygeu  of  Uic  air. 
It  rc-ry  (lilulv  fviric  rlilnride  U  treated  wiilk  lurUiric  ■criii  bdiI  tli«a  niadf  alkaline  with 
amraoula.  and  this  added  to  a  walcry  solution  of  pyromiccliiii.  wc  obtain  a  violet  or 
cberry-rvd  lk(uid  wliicb  becomes  tureen  on  HLmmtine  vitb  acetic  acid,  rymcntecbln  is 
precipitalMl  uy  k-ad  awiuiv.  li  leducea  iiii  nuimnnlttcal  silver  solutiou  at  Ibc  urdtnaiy 
temperalure,  and  reduces  alkalioe  copper  oxide  aoIutioiiB  with  beat,  but  do«a  nut  reduce 
bismutb  oxide. 

A  urine  coDtaioiD^  pyrocatecbiD  If  exposed  to  the  air,  eapcclally  vbcu  alkatloe, 
quickly  ticL-oiues  dark  ami  leducpn  alkaline  ca|>per  aolutioue  n-heo  tiealed.  In  deifcliug 
pjrocatechin  in  llio  uritu;  it  is  fon^-cutmliil  wiieo  ucfCssary.  llllort'd,  twileil  with  the 
•aditiciD  of  aulpburic  acid  to  renioTe  the  pbcQob.  and  rc[)ea[edly  atiakeu  after  couliiig 
with  etlier.  The  ctbcr  is  distltlnl  fmni  the  sevtiinl  cLhoreat  extracts,  the  ri'sidue  oeu- 
tntllz^  with  barltim  ctirbonate  aod  shaken  ngaiu  with  ether.  The  pyrocatechla  which 
rcnmin^  after  cvsimmliiiff  the  ether  tuay  be  purifivd  t>y  rverystsllizalicm  fruui  benzol. 

HydrMhlaan.  or  p.DioYVHRKzni.,  C(H,tOH), ,  often  ocoiirs  In  the  urine  after  tlkc  use 
of  pbeoul  (Uadhakk  and  Putfuaaic).  The  dark  color  which  certain  uriuea,  so-callod 
"carbolic  urioes,"  taho  in  the  air  Istliic  lo  decomposition  producla.  tlydmcbiiioti  doe* 
Dot  occur  as  n  Dormal  coiuiUuont  of  urioc,  but  after  tbe  adntlaiBtratiou  of  bydrochlDoa  ; 
aeoordlng  to  Lbwin  '  tt  panics  into  the  urine  of  rabbits  u  ctbcrcul  sulphuric  aclil,  Itdng 
«  decompoaiilun  product  of  arbuiJn. 

Hydrochinon  forms  rhombic  cryslals  which  are  readily  soluble  in  water,  alcohol, 
and  ether.  It  tneltt  at  lAd*  C.  Mke  pyrocatechtn,  it  emtfly  rediict-s  metallic  oxidei. 
It  acts  like  pyrocnlecbiD  with  alkalies,  but  is  Dot  precipitated  with  lead  acetate.  It  is 
oxidized  iimi  cUtnoti  by  ferric  clilorido  and  other  oiidizinc  agents,  mid  clitnon  is 
detected  by  Us  peculiar  odor.  IlydrocbtDOD-suIpburlc  acid  la  dvtecied  in  the  urine  by 
the  same  methods  ta  pyroCAtenhiii-niiiphuric  acid. 

Indoxyl-iulphuric  acid.  C,H,NSO,  or  C,H,X.O.SO,.OH,  also  called 
URIXF.  isiiicAN',  foTmerly  called  raoxANTHiN  (IIkllkr),  occore  aa  alkali- 
salt  in  the  nrme.  This  acid  is  tbe  mother-substance  of  a  ;;reat  part  of  the 
indigo  of  the  urino.  Tho  qnantilv  of  indigo  which  can  be  separated  from 
the  nrioe  is  considered  as  a  nieasnre  of  the  quantity  of  indoxyl-sulphnric 
acid  (and  indoiyl-glycnronic  acid}  contained  in  the  arine.  This  amonnt, 
according  IoJappk,'  for  man  ia  5-'iO  niilligrarnniea  i)er  24  liourit.  Horse's 
nrine  contains  abont  25  times  as  mach  indigo- forming  sabstance  as  hanian 
nrine. 

Indoxyl-anlphnric  aci<]  is  dertved,  as  above  mentioned  (page  443),  from 
indolt  which  is  Grst  oxidized  in  the  body  into  indoxyl  and  is  then  coupled 
vith  sulphuric  acid.  After  subcntaueons  injection  of  indol  the  eliminatioa 
of  indican  is  considerably  increased  (J.VFi'E,  Hai'Mann  and  BidEiiKU),  It 
is  also  increased  by  tbe  introduction  of  ortfaonitrophenylpropiolic  acid  in 
tbe  organism  of  aoimala  ((/.  UoppexSetleh*).  lodol  is  formed  by  the 
pntrefactlon  of  proteiiU,  nttd  it  is  therefore  easy  to  nmlenttand  why  the 
qnanljty  of  indoxyl-.siilplinric  aciil  is  greater  with  a  meiii  than  with  a 
Tegetable  diet.  The  putrefaction  of  secretions  rich  in  proteid  in  the  intes- 
tine explains  also  the  occurrence  of  indican  in  the  tiriuo  during  slaryation. 
Oetatin,  on  the  contrary,  does  not  increttse  tlie  eliniination  of  indican.     Ad 

'  Vircbow'a  Arch.,  IVI.  W. 
'  PflUf-cr's  Arch..  Hd.  3. 

*  JaSe,  Ceutrollil.  f.  d.  med.  Wlsaenscli..  167i :  Baiimnnu  and  Briefer,  Zeitschr.  f, 
physiol.  C'hf m  .  Bd.  3;  0.  Hoppe-Seyler,  i'rid-,  Bdd.  7  niid  a. 
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abnormally  increoaod  eliniination  of  indicaii  occnrs  in  sach  Oiseasm  as 
obstmcl  the  rtniall  iatasthie,  caiiaiug  an  increased  putrefaction,  thns  pro- 
dncing  au  abnmlant  formation  of  indol.  Such  an  increased  elimination  of 
indican  occnrs  on  tying  tlie  Bmall  intestine  of  a  dog,  bat  not  the  larg« 
intestine  (Jaffe"). 

An  increased  elimination  of  indican  may  also  be  cane^d  by  the  pntrefac- 
tion  of  proteids  in  other  organs  and  tissues  of  Uie  body  besides  the  intestine. 
An  increafied  eliniination  of  indican  has  b'eun  obserTod  in  many  dtaeaset,' 
and  in  these  cases  the  quantity  of  phenol  eliminated  is  generally  increaMd. 
A  arine  rich  in  phenol  ia  nut  always  rich  in  indican. 

The  potaeeitim  sidt  of  iniloxyt'Siilpbnric  acid,  which  vas  prapired  pure 
by  Bai'Uakn'  and  Brieijeb  from  the  urine  of  a  dog  fed  on  indol,  bos  eince 
been  prepared  synthetically  by  BArnANX  and  Tiit:sEN,*  who  first  prepared 
indoxyUIkidi  by  fusing  phenyl glycin -or tliocar bo nic  acid  with  alkali  ami 
then  from  thia  produced  the  indoxylBnlphato  with  potassium  pymtiulphate. 
It  crystallizes  in  colorless,  shining  plates  or  leaves  which  are  easily  solnble  in 
water,  but  less  readily  in  alcohol.  It  is  split  by  mineral  acids  into  anlpbnrio 
acid  and  iudoxyl.  The  latter  witliont  access  of  nir  p&sses  into  a  red  com- 
pound, indoxyl-red,  but  in  the  presence  of  oxidizing  reugents  is  conrerted 
into  iridigo-b'liie:  2C,H,X0  +  30  =  C.,H„N,0,  +  2H,0.  The  detection 
of  indican  is  based  on  this  laat  fact. 

For  the  rather  complicated  preparntion  of  indoxyl-sniphnric  acid  ss 
potajisium  salt  from  urine  tbe  reader  ia  referred  to  otlmr  text-books.  For 
the  detection  of  indican  in  urine  in  ordinary  cases  the  following  method  of 
Japfe,*  which  also  serves  as  an  approximate  test  for  tbe  qnuntity  of  indican, 
is  sullicient. 

Jafpe's  Indican  Test.  20  o.c.  of  orine  is  treated  in  a  test-tube  witli 
2-3  c.c.  chloroform  and  mixed  with  an  equal  volume  of  concentrated 
hydrochloric  acid.  Immediately  after  a  couceutrated  chloride-of-Iiriie  solo- 
tion  or  n  ij'i  potassium^permauganate  solation  is  added  drop  by  drop,  ud 
after  each  drop  the  mixtare  is  thoroughly  sliakon.  Tlio  chloroform  is 
gradually  colored  faintly  or  strongly  blue.  An  excess  of  oxidiiiing  reagent, 
especially  chloride  of  lime,  interferes  with  the  reaction  and  must  therefwe 
be  avoided.  The  test  is  repeated  with  somewhat  varying  anionnts  of 
oxidizing  material  until  a  point  is  found  at  which  the  maximum  coloration 
of  tbe  chloroform  takes  jilace.  From  the  intensity  of  the  color  tlie  quantity 
of  iudigo  is  detennined. 

Still  better,  eGpectally  for  the  quantitative  estimation  of  the  quantity  of 


'  Virehow's  Arch.,  Bd.  70. 

*  See  Jsfle.  PflOgcr's  Arch.,Bil.3;  Scoator.  Ccntmlbl.  f.  d.  med.  Wiewruich..  I8T7; 
Q.  Hnppe-Seyler,  Zeititclir.  f.  (iliysiol.  Chem.,  Bd.  13  (contnins  older  Hiemture) ;  ate 
Berl.  klia.  WocbcDBcUr..  1892. 

'  Batimanu  with  Brleger,  Zeitscbr.  f.  pbyslo).  Cbeoi.,  Bd.  8;  with  Tlieaeo.  JNi, 
Bd.  33. 

*  Jaif6.  Pflnger'B  Arcb..  Bd.  8. 
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iodigo,  IB  Obermetbr's'  metliod.  He  nses  fomlng  bydrochloric  acid 
conUitiiog  2— t  [larta  lerric  cblori'le  per  litre  to  decompose  tlie  intlican. 
The  nrice  is  first  precipituted  with  not  too  macli  lead  acetate  (abont 
\  volume  of  a  '10-^  leod-ucotate  solutiou),  aud  the  tUtnite  shaken  for  1-3 
mtniiles  with  an  equal  volume  of  the  atiove  Itydrochloric  aoid.  The  indigo- 
blae  is  takeu  up  by  chloroform  in  this  case  also. 

Accordiug  to  Rosin'  aon.e  indigo-red  is  atwajs  formed  besides  the 
indigo-bloe  in  .Iafkk's  iodican  test.  Urealer  qiian'ticiee  of  iudigo-red  are 
formed  when  the  decompo^itiou  of  the  indicau  takes  place  in  the  vrarmtU 
(see  RosENnArn's  urine  test). 

The  chtorofornt  solution  of  indigo  obtaiued  in  the  iudicaii  lest  may  be 
oaed  in  the  qtmntitative  coloriiiietric  determiikation  by  comparison  with  a 
solntion  of  indigo  in  chloroform  of  known  alrength  (KR.vi'^sand  Aukian). 
Wano  '  converts  the  indigo  into  indigo-sulphonic  acid  by  concentrated 
anlphnric  acid  and  titrates  with  potassium  permanganate."  Obekmbyeb' 
has  suggested  a  similar  method  for  estiiimting  the  indican  independent  of 
Wan«.  It  dilTers  from  Waso's  methoii  by  removing,  before  titration, 
other  piginent3  taken  up  by  the  chloroform  by  washing  with  45*  alcotiol.'' 
In  a  later  pai)er*  Wakg  recommends  the  same  treatment,  namely,  washing 
with  alcohol-ether. 

Indol  seems  also  to  pass  Into  the  nrine  as  a  glycoronic  acid,  indcxyl- 
glycHfOnic  acid  (SriiMiEDEBKiM).  Sncb  an  acid  has  been  found  in  the 
nrina  of  animals  after  the  administration  of  the  sodinm-salt  of  o-nitro- 
phenylpropiolic  acid  (G.  IIopt'E-SEVLBii'). 

SkatoxyUulphuric  Aoid,  C.II.NSO,  or  t\U,.N.O.SO,.OII.  The  potas- 
sium salt  of  this  acid  seems  to  occnr  generally  in  human  urine  as  a 
chromogen,  which  yields  a  red  or  violet  coloring  matter  on  decomposing  with 
strong  uctdii,  and  an  oxidizing  reagent.  IMiiu  salt  has  been  prepared  by 
Otto'  from  diabetic  human  nrlne.  T^ittle  is  known  of  the  quantity  of  this 
skatoi-chromogen,  to  which  probably  also  the  skatozyl-glycnronic  acid  mast 
be  conntod,  nnder  physiological  and  pathological  conditions. 

Skatoxyl-snlphnrio  acid  originates  from  skatol  formed  by  pntrefaction 
in  the  intestine,  which  is  conpled  with  aulphnric  acid  after  oxidation  into 
skatoxyl.  That  skatol  introduced  into  tlie  body  ]ias80s  partly  as  an  ethereal- 
sulphuric  acid  into  the  urtne  has  been  shown  by  nRiECBR.  Indol  and 
Bkatol  act  differently,  at  least  in  dogs;  indol  producing  a  considerable 


I  Obcniwjer.  Wlen.  klin.  WMhenMhr.,  t80O. 

»  VlrclioW»  Arch..  B.I.  123. 

'KrauM,  Zml84lir.  f.  pliyslol.  Cb«m.,  Bd.  18;  Adriau,  ibid.,  Bd.  18  i  Wang,  ibid., 

Ed.  as. 

«  WIgd.  kltu.  RuDdacbau,  ISML 

*  8w  Zi'iUthr.  f.  pliysiol.  Chcm..  Bd,  M. 

•  Pnd  ,  B.1.  27. 

"  SchmlMleUrg.  Arcti  r.  exp.  Psib.  u.  PUrro.,Bd.  14;  0.  Hoppc  Seller.  Zelticbr. 
f.  pIiyHlol.  Cbeiii..  Bdcl.  Tatid  B. 
•FllDfer'aATcli..  Bd.  St. 
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amoaat  of  ethereal -aulphahc  acid,  while  skatol  girea  only  a  email  qnantit 
(Mesteb').     Skutol  seeuiB  partly  to  paee  iuto  the  urine  as   a  akatoxyl-] 
glycitronic  acid. 

The  potassiam-Balt  of  skatoxjl-SQlpharic  acid  is  crjatalline;  it  duBolrM 
in  water,  bat  ^ith  difficulty  in  olcohol.  A  watery  solution  becomes  deep 
violet  with  ferric  chloride,  and  red  with  concentrated  nitric  acid.  The  Bait 
is  decomposed  by  concentrated  hydrochloric  acid  with  the  separation  of  a 
red  precipitate.  The  nature  of  this  red  coloring  matter  produced  by  the 
decomposition  of  skatoxyl-siilphnrio  acid  is  not  well  known;  neither  is  the 
rclaticiiBbip  existing  between  this  and  other  red  coloring  matters  in  the 
urine  known.  On  distillation  with  zinc-diiBt  the  skatol-chromogen  yielijs 
skatol. 

ITrines  containing  nkatoxyl  are  colored  dark  red  to  violet  by  Jappz's 
iudicaii  test  even  on  the  addltioD  of  hydrochloric  acid;  with  nitric  acid  tiiey 
are  colored  cherry-red,  and  red  on  warming  with  ferric  chloride  and  hydro- 
chloric acid.  The  coloring  mutter  which  yields  ekatol  with  zioc-dDst  niay 
be  remored  from  the  urine  by  ether.  Urines  rich  in  skatoxyl  darken  wlieti 
allowed  to  stand  iu  the  air  from  the  surface  downward,  and  may  beconie 
reddieh,  violet,  or  nearly  black.  Uosin*  ia  of  tlie  opinion  that  no  skatol- 
chromogen  exists  in  human  urine,  and  that  the  observations  made  heretofore 
were  due  to  a  confusioa  with  indigo-red  or  uroroaein. 

SAiJtawitKi  *  Ikiifl  sliowo  Ui«t  tlia  occurreoce  at  Hkatot-carbanw  and,  C«n«.X  COOH, 
]o  norma.)  urine  fa  pmlmlilc.  Tbia  Is  iilsi>  a  putn-fitctiuti  |irwluct.  Wlien  Ininxluowl 
lulu  (lie  animal  bodv  ibis  aciJ  rcttpT»«-'''ri  iiiicbuogtid  In  tbe  urln«.  "Wilb  hydrrcliloric 
srfd  and  very  dilule  lerric-cb lurid l'  sululfun  ]t  j^ivire  an  iniense  vfnlpt  rolor  w  Ibe  aulu- 
Ikni.  Tbe  rc&clfou  responds  wlih  a  valery  wluilou  conlainiog  1  ;  10000  oT  akatol  car* 
bouic  add.        • 

Aromatic  Ozyaoids.  In  the  putrefaction  of  proteids  in  the  intestine, 
paraaxiipkenyl-aceiic  acid^  0,11, (Oil). Cn^COOlI,  and  paraoxyphenyl-pro- 
pimiic  acid,  C',IX.(OH).€,Uj.COOII,  are  formed  from  tyroein  as  inter- 
mediate Etcp,  aud  these  in  great  pari  puHs  nnchangei  into  tbe  urine.  They 
were  ftrst  detected  by  BArHAKH.*  The  rjuantity  of  theee  acids  is  nenally 
very  small.  They  are  increased  by  the  same  circnmstancea  as  tbe  phenolt, 
especially  in  acute  phosphorus-poisoning,  in  which  the  increase  is  consider- 
able.    A  small  portion  of  these  oxyucids  is  combined  with  solpharic  acid. 

Besides  these  two  oxyacids  which  regularly  occur  in  boman  urine  we 
sometimes  have  other  oxyacirle  in  urines.  To  these  belong  homogentitU 
acid  and  urolettcic  arid,  which  form  tbe  8|>eciric  constituenta  of  the  nnne 


>  Brieger,  Ber.  U.  ilvulKcli.  cbcn.  QeaelUch.,  Bd.  13,  and  Zcliactir.  t.  pbjrslol.  Cb«tB., 
Btl,  4,  S.  4t4  ;  Mesi«r.  H'id..  Bd.  IS. 

»  VlrchnWaArrL.,  Bd.  1S8. 

»  Zeluchr.  f.  pbyiiiol.  Cliem..  Dd.  9. 

*  Ber.  d.  deulaob.  cliem.  UeuUacb.,  Bdd.  IS  aud  18,  and  ZelUcbr.  f.  pbyslol.  Cfaoa., 
Bd.  4. 
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in  most  cftees  of  aloaptonnria,  oxpnandelic  acid^  fonnd  bj  Scbcltzen  and 
RiESS  in  urine  in  ooate  atrophy  of  tbe  Uver,  oxyhydToparacumaric  acid, 
found  bv  Blekdkhmank  in  the  urine  on  feeding  raliblUi  witli  tjrosin,  gallic 
acid.,  which,  aocordiug  to  BA.rMAXX/  Bometimes  appeftrs  in  horee^a  urina, 
and  kynurmic  acid  (oxjchLnolincarbonic  acid),  which  up  to  the  present  time 
hoa  bcoQ  found  only  in  dog'e  urine.  The  first  two  of  llie  al>oFe-iiieiitionetl 
oxvacide,  and  also  honiogeiitisic  and  nrolencic  acids,  will  be  treated  of  hero. 
Faraoxyphenylacetic  acid  and  p-oxyphenylpropionic  acid  are  crrstalliite 
and  are  both  soluble  in  water  and  in  ether.  The  first  melts  at  148*  C,  and 
ihe  other  at  125°  C.  Both  giro  a  beaatiful  red  coloration  ou  being  warmed 
with  3[illok''s  reagent. 

T(j  deled  tbe  nrescacc  of  Iboeo  oxjaciilA  procofed  lu  lliir  rulhiwiuf;  way  (nACuAm) : 
Warm  the  iiritie  for  ii  wLlle  mi  ihe  wnier-Imili  wiili  liydrmhlorif  itriil,  id  onler  to  rlHve 
off  iliu  Vdtiiiile  ptteiiols.  Afk-r  cooltiig  ahakfi  tlirec  linicB  wiLb  ttli«r.  miiI  tlieu  slmke  the 
tiliemil  fXimrt'^  wftli  iltliiit-  Nodn  MtUilion,  wliicb  illssolvcs  Die  iisywifls,  wtilk*  the  resi- 
due of  ibe  phenols  ioluble  In  clher  reiiiniiu.  The  Klkaline  soldifnn  at  ihcuxyacids  U 
DOW  fiLfntly  acidified  witli  aulpbiine  acid,  sliakeu  ti)f,n\u  wltU  L-tber,  tlie  viher  n-ttioTed 
and  alli'Wtd  lo  ovaporutt'.  llie  rcufdiie  (i(!Wfdr«i  in  »  Itlile  water,  tuid  Hip  K^iliitJnii  iwtcd 
will)  Mii.l,nM's  n>a|;cLiL  Tbe  two  •>xvftcidit  aru  beat  d  I  He  rent  late  J  by  ibeir  iliffurenl 
mi-IiinK-lKitiilts  Thf  rmdur  in  referred  lo  otber  works  for  Uie  mciliod  of  isokilug  imd 
seputatliiij  tbcrse  Iwo  oxyacids. 

Homogentiaic  acid,  C.H.O,  or  C,U,(0U),.CI1,.C00II.  This  acid  wae 
detected  by  Woi.kow  and  Uauiiahk.  They  iiio)ated  it  from  the  nrine  in 
a  case  of  alcaptonuria  (see  below)  and  showed  that  the  characteristics  of 
so-called  alcaptonurio  urine  in  thi«  case  were  due  to  this  acid.  Thi«  acid 
has  later  been  found  in  other  cases  of  alcaptonuria  by  Fmbden,  (Urnibr 
and  VoiitJX,  Oqden,  and  others.  Glycosuric  acid,  iaolbted  from  alcapton- 
uric  urine  first  hy  Mab^mali.  and  recently  by  (Ikyoer,*  is  identical 
with  homogentiaic  acid.  Tyrosiu  ia  considered  as  the  mother-snl^stance  of 
this  acid.  On  the  iiitrodnction  of  tyroflin  in  iiersuns  with  alcnjitonuria, 
W01.KOW  luid  HAruANK  and  EuBDEN  obderveil  a  greater  ur  toss  increase  in 
the  (^nantUy  of  homogentiaic  acid  in  the  urine.  According  to  Wolkow 
and  IIai'Mann'  this  acid  is  formed  from  the  tyrostn  by  abnormal  putrefac- 
tive prooewes  in  the  upper  part  of  the  intestine. 

Uomogentisic  acid  is  the  dioxyphenyl-acetic  acid  derived  from  hydn^ 
chinon.  On  fusion  with  potash  it  yields  gentisic  acid  (liydrochinon- 
carhonic  acid)  and  hydrochinon.  When  introduced  into  the  intestinal  tract 
of  doga  it  is  in  ]>art  converted  into  toln-hydrochinon,  which  is  eliminated 
in  the  form  of  ethereal-flulphuric  acid,     Homogontisic  acid  tias  recently 

>  ScbuUzen  nod  Rk<«.  Otiem.  CeiitrHlbl..  '.860-  BleiKlerrnan,  Zeitscbr.  f.  pbj'slol. 
Cberii-.  Bd.  B.  S.  afi7 :  Baunmun.  ifnd..  Bd.  6.  S.  19a 

*  Wolkow  and  D:iuii]arin.  ZelttchT.  f.  pby«[ul.  CUem..  Bd.  15;  Etnbden.  ibtd..  Bdd. 
n  and  18;  Gftrnier  and  Viiiriii.  An-li.  df  Pbyalol.  (S).  Tome  4;  Ogilm,  ZelUcUr.  f. 
pbyslol.  Cbem.,  Bd.  20 :  Uacatiall,  AUlj's  Jabresber..  Bd.  17 ;  Qeyger,  cited  rrum  KmU 
deo.  1-  e. 
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been  prepared  sjntheticallj  by  Baumah^n  and  Frankel,'  starting  with 
gentisic  aldehyde. 

Homogentisic  acid  cryHtallizes  with  1  mol.  water  in  large,  transparent 
priBmatic  crystals,  which  become  non- transparent  at  the  temperatara  of  the 
room  with  the  loss  of  water  of  crystallization.  They  melt  at  146.5-147°  C. 
They  are  solable  in  water,  alcohol,  and  other,  but  nearly  insoluble  in  chloro- 
form and  benzol.  Homogentisic  acid  is  optically  inactire  and  non-fermentr 
able.  Its  watery  solution  has  the  properties  of  so-called  alcaptonnric  urine. 
It  becomes  greenish  brown  from  the  surface  downward  on  the  addition  of 
very  little  caustic  soda  or  ammonia  with  excess  of  oxygen,  and  on  stirring 
it  becomes  quickly  dark  brown  or  black.  It  reduces  alkaline  copper  solu- 
tions with  even  slight  heat,  and  ammoniacal  silrer  solutions  immediately  in 
the  cold.  It  does  not  redDce  alkaline  bismnth  solutions.  It  gives  a  lemou- 
colored  precipi  tate  with  Millox's  reagent,  which  becomes  light  brick -red 
on  warming.  Among  the  salts  of  this  acid  we  mnst  mention  the  lead  salt 
containing  water  of  crystallization  and  34.79^  Pb.  This  salt  melts  at 
214-315°  C. 

In  preparing  this  acid  the  strongly  acidified  urine  is  shaken  with  ether. 
The  residue  obtained  on  the  distillation  of  the  ether  is  dissolved  in  water, 
the  solution  heated  to  boiling  and  treated  with  a  lead  acetate  solution 
(1  ;  5),  and  the  brown  resinons  precipitate  quickly  separated  by  filtration. 
The  lead  suit  gradually  crystallizes  from  the  filtrate.  This  is  decomposed 
by  sulphuretted  hydrogen,  and  the  acid  obtained  as  crystals  from  the  filtrate 
after  carefully  concentrating  the  filtrate  finally  in  vacuo. 

Id  regard  to  tbe  quaDtltativiJ  estimation  we  proceed  accordiog  to  the  suggestiou  of 

N 
Badman:^  by  titratiug  the  acid  with  a  -r^  silver  solutioo.    As  regards  details  of  thia 

method  we  must  refer  the  reader  to  the  original  publication.'  Dbniqbb  »  has  suggested 
annilier  method. 

Vroleaoie  aoid,  C,H,i)0»,  is,  according  to  Huppert,  probably  a  dioiyph en yl luetic 
acid.  C,H,(OH),.CH,.CH(OH).COOH.  This  acid  was  first  prepared  by  Kirk*  from 
the  uriue  of  children  with  alcaptonuria,  which  also  coulained  homogentisic  acid.  It 
mells  at  130-133°  C.  Olhi;rwiae,  in  regard  to  Its  behavior  with  alkaltea,  with  access  of 
air,  and  also  with  alkaline  copper  solutions  and  ammoniacal  silver  solutions,  and  also 
Millon's  reagent,  it  is  similar  to  homogentisic  acid. 

OxymadeUc  acid.  C*H»0,.  paraoxyphenylgly colic  acid,  H0.C.H<.CH(0H)COOH,  is, 
as  a)>ove  stated,  found  in  the  urine  in  acute  atrophy  of  the  liver.  The  acid  crystallize* 
in  silky  needles.  It  melts  at  163°  C,  dissolves  readily  in  hot  water,  less  in  cold  water, 
and  readily  in  alcohol  and  ether,  hut  not  in  hot  benzol.  It  is  precipitated  by  basic  lead 
acetate,  but  not  by  lead  acetate. 

Kynurenio  aaid,  CioH,NO,,  is  an  oxychinol  in -carbonic  acid  occurring  in  dog's  urine. 
We  lire  not  clear  in  regard  to  the  origin  of  this  acid.  It  seems  not  to  be  formed  in  the 
Intestinal  tract,  and  it  is  not  changed  by  putrefaction  bacteria  (Cupaldi).* 

'  Zeitschr.  f.  physiol.  Chem.,  Bd.  20. 
»  Ibid.,  16. 

*  Chem  Centralbl.,  1897,  Bd.  1,  8.  338. 

*  Iluppert,  Zeilschr.  f.  physioK  Chem.,  Bd.  28 ;  Eirk.  Brit.  med.  Joum.,  188Q  and 
1888,  Journ  of  Anat.  and  Physiol.,  Vol.  33. 

*  Zeilschr.  f.  physiol.  Chem.,  Bd.  23.  In  regard  to  kynureuic  acid  see  alsoHuppert- 
Neuhauer,  10.  Aufl.,  and  Mendel  and  Jackson,  Amcr.  Journ.  of  Physiol.,  Vol.  3. 
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TTrinary  Figmenti  and  Chromogeni.  The  jellow  color  of  normal  urine 
depends  perbapa  upon  several  pigmeats,  bnt  in  greatest  port  npou  uhocurou. 
Besides  tliis  the  orine  seents  to  cont^n  u  verj  small  quantity  of  ilsmato- 
PORPiiYRix  a£  a  regular  constittieDt.  Uroertthrin  aleo  i?  of  frequent 
occurreuce  Id  normal  nriue.  Fiually,  the  excreted  tiriue  when  exposed 
to  the  action  of  light  regularly  contains  a  yellow  pigment,  lkuhilin, 
which  is  derived  from  a  chromogen,  rRnnruxoGEX,  by  the  action  of  light 
(Saillet)  and  air  (Jaffe,  Dis<ii;z  ',  and  others).  Besides  this  chromogen, 
nrine  contains  various  other  bodies  from  which  coloring  matters  may  he 
produced  by  the  action  of  cliemic&l  agents.  Ilumln  eubBt&nccs  (perhaps  in 
part  from  the  carbohydrates  of  the  urine)  may  be  formed  by  the  action  of 
acids  (v.  UiiRAKszKY)  without  regard  to  the  fact  that  such  substances  inaj 
sometimes  originate  from  the  reagents  used,  as  from  impure  amrl-alcoliol 
(v.  Udkasszky  ').  To  these  humin  bodies  developed  by  the  action  of  acid 
in  normal  nrine  when  exposed  to  the  air  mast  be  added  the  iropiiain  of 
Heller,  the  various  unoMiXAS'iNfl,  and  otlier  bodies  described  by  different 
inrestigatora  (I'los'z,  Thudichum,  Schuxck  ').  Indigo-blne  (rROfiiJ,irf-'iK 
of  IIeu.er,  LROCYASix,  CYANUBLN,  and  other  coloring  matters  of  oId«r 
investigators')  is  split  off  from  the  iudoxyl-sulphnric  acid  or  indoxyl- 
glycnronic  acid.  Red  coloring  matters  may  be  formed  from  the  conjugated 
indoxyl  and  skatoxyl  acids,  and  urouudix  (Heller),  urorubik  (Plos'z), 
FBon.T.MATis  (Hahley),  and  jjerhaps  also  irROROSEtx  (Nencki  and 
Sierrb  *)  probably  have  snch  an  origin. 

We  cannot  discuss  more  in  detail  the  different  coloring  matters  obtained 

decomposition  products  from  normal  urine.  Uwmatoporphyrin  baa 
already  l)een  referred  to  in  a  previous  chapter  (VI)  and  will  beet  be  deecribed 
in  connection  with  the  pathological  pigments.  It  only  remains  to  describe 
urochrom,  arobilin,  and  uroerythria. 

Urochrom  is  the  iiiune  given  by  fiARHOti  to  the  yellow  pigment  of  the 
nrine.  THroTrtirH*  bud  previonaly  given  the  Kunie  name  to  a  less  pure 
pigment  isolated  by  himself.  According  to  Qarbuu  urochrom  is  free  from 
iron,  but  contains  nitrogen.  It  stands,  x  ■  secniB,  in  close  relationship  to 
arobilin,  as  Garrod  has  obtained  a  urohilin-like  pigment  by  the  action  of 

■  Jaff^.  Ooir&lbl.  f.  d.  tned.  WtssenBCh.,  16Q9  nod  18S0.  and  Virchow'i  Arch.,  Bd. 
47 ;  Dtequ£.  Zetlsehr.  i.  pliyslul.  Cbem.,  Bd.  3 ;  SalllcC,  Revue  do  mMeciue.  Totue  17, 
1897. 

*T.  Uilr&nsky,  Zeitechr.  f.  pbyalol.  CUem.,  Bdd.  II.  12,  and  18. 
•Plos'x,  2«iuclir.  f.  pbyBlol.  Cliem..  Bd.  8:  Tliudiclniin.  Brit.  uicd.  Joum..  Vol. 
SOI,  Hni[  Juiiro.   f.  pr&kt.   Cbom.,  Bd.   104;  Bchuiick,  cited   frum  Huppert-Keiibauer, 
Irt.    Aiifl..  r>.  MS. 

**w  Huiip^n-Neiibiuer,  p.  181. 

•.gani  U)  this  and  other  rc-i)  pigmcDlR  ace  IIuppCTl-Neubauer,  pp.  898  nnd  007; 
I  Sleber,  Journ.  f.  prakt.  Chcm.  (2).  B»l.  SB- 
Proceed.  May.  8i>c.,  VoL  55  ;  Tbiulfcbum,  \.  c. 
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aldehyde  on  nrochrom,  and  Kita  '  claims  that  urobilin  yields  a  bodv  similar 
to  iirochrom  on  careful  oxidation  with  pennanguiate. 

Urochrom  ia,  according  to  Garroi>,  amorphoQS,  brown,  rer;  readilj 
Boliihle  in  water  and  ordinary  alcoliol,  but  less  soluble  in  ab«olat«  alcohol. 
It  dtssoWesbut  slightly  in  acetic  ether,  amyl-alcohol,  and  acetone,  while  it 
is  innoluble  in  ether,  chloroform,  and  benzol.  Urochrom  is  precipitated  bj 
lead  acetate,  eilver  nitrate,  mercnric  acetate,  phosphotnngstic  and  phot- 
phomolybdic  acidB.  On  saturating  the  urine  with  ammoniatn  sulphate  a 
great  part  of  the  urochrom  remains  in  Bolntion.  It  does  not  show  anj 
absorption-bandB,  and  does  not  fluoresce  after  the  addition  of  ammonia  aad 
zinc  chloride.  Urochrom  is  very  readily  decom|ioeed,  with  the  formatioo 
of  browu  Bubetances,  by  the  action  of  acids. 

Unicbrum  U  iirepared  ncoordlo^  to  n  mllier  coinplicnicd  metbotl  wbirli  cnaiUrt*  la 
iUklnraLlDg  the  urine  witli  ammoDinm  sulphate,  when  mosl  of  the  tirnclirom  reainlnslB 
BulutioQ.  Ttie  fillnttu  i»  tri;ii!i;d  with  ii  prupvr  ((umilily  ot  nkMliul  nbcD  k  clear,  yelkiw, 
■Icalinlin  Inyer  c-ollccls  oil  the  Rait  Kuluiiuu,  ami  llils  coDlainA  the  urocltrom  and  tt  further 
puritlvil  nc'<irrliiig  t«  Oahrod.* 

Urobilin  is  the  pigment  first  iolated  from  the  urine  by  JafH*  and 
which  is  characterized  by  ite  strong  ftnorescence  and  by  ita  absorption- 

sjieckront.  Varinag  investigators  have  prepitred  from  the  urine  by  different 
iiietborls  pigments  which  dJtTered  slightly  from  each  other  bnt  behared 
essentially  like  .Iapfb's  urobilin.  Thus  different  nrobilitis  baxe  been 
Bu;;ge8ted,  Buc'h  as  normal,  febrile,  physiological,  and  pathological  arobilim.' 
The  possibility  of  the  occurrence  of  ditTercnt  oroliiliiia  in  the  urine  cannot 
Iw  denied;  but  as  urobilin  is  a  readily  changeable  body  and  diflicalUy 
pnri6ed  from  other  uriniiry  pigments,  the  question  as  to  the  occurrence  of 
dilTerent  nrohilins  must  Htill  l>e  conBldered  open.  According  to  Saillet'do 
urobilin  existB  originally  in  human  nrine,  bnt  only  the  mother-aubtitanee 
of  tho  same,  urobilinogen,  from  which  the  nrohilia  is  formed  in  the  excreted 
urine  by  the  iutlucnce  o!  liglit. 

TTrobiliii-like  bodies,  so-called  vnoniMKoin,  hare  been  prepared  from 
bile  pignientB  as  well  as  blood  pigments,  and  indeed  by  oxidation  aa  well  ai 
reduction.  Malv  obtained  hh  hyilrobilirubin  by  the  reduction  of  bilinibin 
with  sodium  amalgam,  and  DiSQUE  obtained  a  proilact  which  is  still  more 
similar  to  urobilin,  while  Stokvjs  prepared  by  the  oxidation  of  cholecyaiiio 
with  a  liitle  lead  |)«roxide  acholetelin  which  acted  very  mnch  like  nrobitin. 
IIoppr-.Seylt:ii,  Le  Nobul,  Xescki  and  Siebeb  have  obtaiDe<l  nrobiliDoid 


>  Gnrrod,  Jnurn.  of  Pliysiol,.  Vol.  21 :  iUva,  cited  fram  Hiippert-Neubauer.  p.  5M. 

•L.C. 

»  Cmtralbl.  f.  d.  nipil.  WiM6n«fh.,  1808  and  I8S9.  nnd  Vfrcliow's  Arcb..  Bd.  «. 

*  ttee  MacMiinii,  Pror.  n^y  gnc,.  Vols.  31  and  85  ;  Ber.  d.  .leulacb.  choii.  Owellwh-. 
Bd.  14.  imd  Juiiru.  of  Pliysiol..  Vols.  0  uiid  10:  Bognmoloflf.  Holy's  Jkbroeber.  Bd.  93; 
Eichbolz.  Joutn.  of  Pbyslol..  Vol.  14  :  Ad.  Jollei.  FflOger'i  Arcb..  Bd.  61. 

*  Rovue  dv  m&leciDe.  Tumo  19,  18B7. 
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bodies  by  the  rednction  of  hfcruftltu  ruJ  bjcmatoporpfaTrln  with  tin  or  zinc 
aod  hydrochloric  ueid,  while  MArMr?;s'  obtained  by  the  oxidation  of 
htemntiu  with  liydrogeti  peroxide  In  alcohol  containing  siiliihoric  acid  a 
pigment  vhich  seemed  to  be  identical  vith  nrinary  urobilin.  It  ii  apjiarent 
tliat  all  these  urobilins  cannot  be  identical. 

Many  iiiveacigatore  declare  that  urobilin  is  identical  vith  hjdrobilirnbin, 
bnb  according  to  the  researches  of  IIorKiNS  and  Gadrod*  this  riew  U  not 
correct  bccanse,  irrefpectire  of  other  email  difTersnoaB,  each  body  has  an 
essentitiHy  distinct  compoeitiDn.  Uydrobili robin  contains  C  0-4.G8, 
H  6.D3,  K  9.22  (Halt),  while  orinary  arobilin,  on  the  contrary,  contains 
C  fi.1.46,  11  7.G7,  N  4.09^,  The  nrobilin  from  fspces,  8TERcobius»  has  the 
Hmo  composition  at  nrinaj-y  urobilin  with  4.1T<  nilrugen. 

Urinary  urobilin  may  not  be  identicol  with  hydrobilirubin,  bnt  this  docs 
not  eliminate  the  poanbility  Uiat  urobilin,  according  to  the  generally 
admitted  view,  is  derived  from  bilirubin  (although  not  by  simple  reduction 
and  taking  up  water)  in  the  iutestine.  Sereral  physiological  as  well  at 
clinical  objcrratious*  speuk  for  this  riew,  among  which  we  mast  mention 
the  rogukr  appearance  in  the  intestinal  tract  of  stercobilln,  nndoubt»dly 
derived  from  the  hile-pignients  and  liaving  the  same  comjKMition  as  urinary 
urobilin ;  the  ab$eni»}  of  urobilin  in  the  urine  of  new-liorn  infants  and  also  On 
the  complete  removal  of  bile  from  the  intostine:  as  well  as  the  increased 
elimination  of  nrobilin  with  strong  intestinal  putrefaction.  On  the  other 
hand  there  are  inTestigatora  who,  basing  their  opinion  nn  clinical  obserTations, 
deny  the  iiitfstinid  origin  of  nrobilin  and  claim  that  the  urobilin  is  derived 
from  a  transformation  of  the  bilirobin  not  in  the  intestine,  by  an  oxidation 
of  the  same  or  aUo  by  a  transformation  of  the  blood -pigments.*  The  possi- 
bility of  a  different  mode  of  formation  of  nrinary  urobilin  in  disease  is  not 
to  be  denied;  but  there  ie  no  doubt  that  this  pigment  is  formed  from  the 
bile- pigments  in  the  iutestine  nndcr  physiological  conditions. 

The  quantity  of  nmhilin  in  the  urine  under  phyrdological  conditions  is 
rery  rariable.  Saillrt  fonnd  30-130  milligmmmes  and  G.  Hoppe-Setleb 
80-140  millignmmes  in  one  day's  urine. 


<  H«1y.  Ann.  <l.  Client,  d.  Pharm.,  Bil.  168;  Diaquf,  Z«liwhr.  f.  pbyntol.  Cbom., 
fill.  3  :  dlokvis.  Cvutrallil.  f.  d.  ine«l.  WuKDacb..  1873.  S.  211  utd  449;  Hoppe  Seyler 
Bcr.  d.  deutvcb.  chcm,  Ot-scllsch..  Bd.  7;  Lc  Nolwl.  PllOger'i  Arcb.,  Bd.  40;  Neockl 
am!  ftirber,  StDunlstierie  f.  Ctieiii.,  Bd.  &.  and  Arcb.  f.  ezp.  Path.  u.  Pliana.,  Bd.  24  ; 
MacJltiDQ.  Proe.  Boy.  Boo..  Vol.  81. 

■  Joiiri.  of  PhyfiiftI  .  Vol.  22. 

■Bee  Fr  Mailer.  Bcble*.  GewllMli.  t.  vaierl.  KuUar,  I8M :  D.  a«rbardl.  "  Ucber 
Hydrobiltniblii  unci  srine  Bezieli.  zum  Iktenis"  (Insu^.-Dias.,  Berlin.  1889);  Beck, 
Wlcn.  kliii.  W.Hrlteiiwlir,  1895;  Hsrley.  Brit   Med  Jonm..  18«[. 

*  It)  rcganl  tn  the  v(trioQi  tlicnrin  lui  to  llif!  fifruinlinn  uf  iirt>t>iUii  mm  Horlry,  Brit. 
Ued.  Jouni..  I8M  ;  A.  E»tz.  Wkn.  H«l.  Wocbenicbr.,  1$0I,  T^-t.  28-S3  :  Qrlatm, 
Virvbow's  Arcb..  Bd.  183  ;  Zoja,  CooferenKe  cllniche  llnliaoe,  Svr.  1  a,  Vol.  1. 
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We  hare  nnmeroas  obaerrationa  on  the  elimination  of  nrobilin  in  diaeaee, 
OBpeoiallj  by  Jaffe,  Disque,  Dretfcss-Brissac,  Gebhardt,  G.  Hoppe- 
Setleb,'  and  otlien.  The  qoantity  is  increaeed  in  hemorrhage  in  sach 
diseasee  where  tlie  blood-corpnsclea  are  dastrored,  as  after  the  action  of 
certain  blood -poiaoziB,  ench  as  antifibrin  and  antipTrin.  It  is  also  increased 
in  fevers,  heart- troubles,  lead  colic,  atrophic  lirer  cirrhosis,  and  is  especially 
abundant  in  so-called  urobilin  icteros. 

The  properties  of  nrobilin  may  be  different,  depending  upon  the  method 
of  preparation  and  tlie  character  of  the  nrine  used,  iherefore  only  the  most 
important  properties  will  be  given.  Urobilin  is  amorphons,  brown,  reddish- 
brown,  red,  or  reddish  yellow,  depending  npon  method  of  preparacioD.  It 
dissolves  readily  in  alcohol,  amylalcohol,  and  chloroform,  bac  lesi*  readily  ia 
ether  or  acetic  ether.  It  is  less  soluble  in  wacer.  but  the  solubility  ii 
auirmcnteJ  in  t^*  presence  of  neutral  salts.  It  m^y  be  completely  precipt- 
Ciirei  frv^n  tli«  nrine  by  saturating  with  ammonium  solphac;^  especially  afts 
-.■?*  aii --^•'«i  *^*  sulphuric  acid  (Meht'K  It  is  soluble  iu  alkalies,  and  is 
-  r*v  n^fcirf-il  f-rnn.  li*  alka::Qe  solution  by  the  addition  of  acid.  It  is  partly 
rtiitirtfitriL  f:vta  ma  acid  (watery-alcoholic)  solncion:  aliol: 
T.II*  xrjCi^Oi  frwctt  the  chloroform.  The  neutral  or  faiudy 
;- ;  insf  m  Ttvm^t^aced  by  certain  metallic  salcf  <  zinc  and  leaii. 
-wt  1--?*  "<r.  M  af^  ii*cwinc  sulphate.  ITrobilin  ia  nrecipitateii  from 
^  ,>i-  .  ^:::TCK".v-  jciiL  Ic  does  not  give  Gke:.i>""j  test  for  bil*- 
"  .  ■^*'  ■"  :'f  ^.'nrr^irT.  a  reaction  which  may  be  mismkec  f-T 
-~-  ■-    *■     —  •»' -."vrper  sulphate  anl  alkal:.' 

'         '■  -^-''-irii'ns  are  in  strong  ooc,cer.:rj::Qc  -■•■iT'-t:- 
^— -  "-    ■"     ■'  ""^ae-ooiored.      They  have  ;k  ■^crcc^grw:: 

,,     V-  ■-*.-    -.  ..,    s*i4!ir:ons  are  brown,  red-iUl:   -sL!  ^w.  or 
■  '-»t.  .:>,:o.:.      ^''ley  ire   cot   fluorescer.!:,  ":c:  aii-jT 
■  '  •"■■  ^•■"■^•■■i       .iiii;    j^*.  which  i.'onlers  ofi   -~.  or  i3 

..^  .  .      v^^^.».^    .ft  »'',^  :Lial:ne  solatioua  are     raTnisi: 

s....,«  .i,.M.!^'    -tftlowsit  ;;reen.  acconi:L.r  'a   -■■.iccen- 
.  ^  ...^f..o  .•*.-t..-,i.,'u   s  KJueti  to  an  aninioniaool  it-'iirivn. 
...  ••■-  .    >*,.  :V»;  .i'-wu  -i-iopesoerce.     This  wiunijc.  ie 
■^     *     **'  ■      "•■^^     U'i;u;*?s»  sh'.'Ts    a    darker    la-i   3ior? 
^  •       ■     ■       '     ^•''**»»         .*Uv:    .-,    a.nios:    midwar  IrecT'wn  - 
s  -      .     ■--vv.i.r^xHi  A-;ur;cc  of  nr'?Vi:i!i  alkili  :i  cir^:-:- 
,   .  .^    -V  ^.     V    .>K'\>«tt.'«  ,':oci;v  ani   show*  a  seooaii  'Mai; 
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tixactly  at  J?  and  connected  with  y  by  u  uliadow  (Garrod  and  Hopkins, 

Saillkt'). 

UrobilinogDii  is  colorless  or  is  only  slightly  colored.  Like  arobilin  it  is 
precipitaleit  from  the  urioo  hy  anturating  with  amninnitim  sulphate. 
According  to  Saillkt  it  may  be  extracted  by  noetic  ether  from  uriue  ocidi- 
fiad  with  acetic  arid.  It  dissokes  also  in  chloroform,  ethyl  ether,  and 
amyulcnhol.  \i  Rhonrg  no  ahitoriitioii-hands,  and  ia  readily  converted  into  . 
urobilin  by  the  inflnence  of  annliglit  and  oxygen.. 

Ia  preparing  urobilin  from  normal  nrine,  precipitate  the  urinQ  with 
basic  lead  aceUite  (Japi'e),  wash  the  precipitate  with  water,  dry  at  the 
ordinary  tomporature,  then  boil  it  with  alcohol,  and  decompoae  it  when  cold 
with  alcohol  contaJBiug  sulphuric  acid.  Tiio  liltercd  ulcoliolic  solution  ia 
diluted  witli  water,  aattiruted  with  aniinociia,  and  then  treated  witii  zinc* 
chloride  solution.  This  new  precipitate  is  washed  free  from  chlorine  with 
water,  boiled  with  alcohol,  dried,  dissolved  in  amtiionia,  and  tiiis  solution 
precipitated  with  sugar  of  lead.  This  ]>recipitate,  which  is  washed  n-ith 
water  and  bni1e<l  with  alcohol,  is  decomposed  by  ainohol  contulnitig  sul- 
phuric acid,  the  ttltered  alcoholic  solution  is  nuxod  with  ^  vol.  chloroform, 
diluted  with  water,  and  shaken  repeatedly,  but  not  too  energetically.  The 
urobilin  is  takeu  up  by  the  chloroform.  This  last  is  waslieil  once  or  twice 
with  a  little  water  and  tlien  distilled,  leaving  the  urobilin.  The  pigment 
may  bo  precipitated  dirocLly  from  thn  urine  rich  in  urobilin  by  ammonia 
and  zinc  chloride,  and  the  precipitate  treated  as  above  dccribed  (Jafi--£). 

Tlie  method  su^'gested  by  Mbiiy  (precipitation  with  ammoTtium  snU 
phftte)  has  been  modified  by  OAitnoi>  and  Hoi-kiss  in  that  they  lirst  i-omove 
the  uric  acid  by  saturating  with  ammonium  chloride  and  then  saturating 
the  filtrate  with  ammnniitni  sulphate.  The  precipitated  urohilin  is  tlitia 
made  purer  tiian  by  saturating  with  the  siili>hate  directly.  The  nrobUin  is 
extracted  from  the  dried  precipitate  by  a  great  deal  of  water,  rejirecipitated 
by  ammonium  sulphate,  and  this  procedure  repeated  sereral  times  if  neces- 
sary. The  dried  precipitate  finally  obtained  is  dissolved  in  iibsoluto  alcohol. 
In  r^ard  to  snmll  details,  and  to  a  second  method  suggested  by  these  experi- 
menters, we  refer  to  the  original  work.' 

Satixet  extracts  the  urnbilinogen  from  the  urine  by  shaking  with 
acetic  ethor,  using  a  kerosene-oil  light.* 

The  color  of  the  acid  or  alkaline  solniion,  the  tjeiiutiful  flnoreecence  of 
the  ammoniacal  solution  treated  with  zinc  chloride,  and  the  absorption- 
banda  of  tlio  spoctram,  all  serve  aa  means  of  detecting  urobilin.  In  fever- 
urines  the  urobilin  may  ha  detected  directly  or  after  the  addition  of 
ammonia  ami  zinc  chloride  by  its  spectvum.  It  may  also  sometimes  be  de- 
tected in  normal  nricio,  either  directly  orafter  the  urine  has  stood  exposed  to 
the  air  until  the  chromogen  bus  been  couvortfcd  into  uroblHu.  If  it  cannot 
bo  detected  by  moans  of  the  sjiectroecopo,  then  tho  urine  may  bo  treated 
with  a  mineral  acid  and  shaken  with  ether  or,  still  better,  with  amylalcohoL 
Tho  amylalcohol  solution  ia,  either  directly  or  after  addition  of  a  strongly 

noniacal  alcoholic  solution  of  zinc  chloride,  tested  spectroacopically.     If 


I 


Tml  aD<l  ITopkiii*.  Jmirti.  of  Pliyslol.,  Vol.  20;  Baillel,  1.  c, 
M.of  Plijaiol..  Vtil.  iW. 

rd  lo  lliis  BD'I  other  j^  i  musl  ix-fer  Ihe  rtador  lo  special  nork*. 


466 


VRnm. 


Wo  have  nomeroQs  observations  ou  tbo  olimination  of  arobilic  in  disease, 
especially  by  Jafpe,  DisquE,  Dreyfuss-Brissac,  Gerhardt,  G.  Hoppb- 
Skylhk,'  and  others.  The  ([uiitiLity  is  increased  in  hemorrhage  in  each 
diseaBes  vhere  the  blood-corimsdes  are  dsstrojed,  as  after  the  action  of 
certain  blood -poiaons.  such  aa  autifibrin  and  antipjrin.  It  is  also  increased 
in  fevers,  heart-troubles,  lead  colic,  atrophic  liver  cirrhoeis,  and  is  especially 
abniidant  in  so-called  urobilin  icterug. 

T!io  properties  of  nrobilln  may  l>e  different,  depending  npon  the  method 
of  preparation  and  the  character  of  the  nrine  nsed,  therefore  only  the  most 
important  properties  will  be  given.  Urobilin  is  anioq>hous,  brown,  reddish* 
brown,  red,  or  reddish  yellow,  depending  npon  nietliod  of  prejiaration.  It 
dissolves  reaJily  in  alcohol,  nmylalcoJiol,  and  chloroform,  bnt  less  rendily  in 
ether  or  acetic  ether.  It  is  less  soluble  in  water,  bnt  the  solabili^  ie 
angmentod  in  the  presenile  of  neutral  wdts.  It  mny  be  complet^^ly  precipi- 
tated from  the  urine  by  siittirating  with  ammoainm  snlpliate  especially  after 
the  addition  of  sulphuric  acid  (Mejiy*).  It  is  eolnble  in  alkalies,  and  » 
precipitateil  from  tiie  nLkidine  solntion  by  the  addition  of  acid.  It  Sn  partly 
dissolved  by  chloroform  from  an  acid  (watery-alcoholic)  solntion;  alkali 
Bolutious  remove  the  nrobilin  from  the  chloroform.  The  neutral  or  faintly 
alkaline  sulutiona  are  precipitatoil  by  certain  metallic  salte  (^inc  and  lead), 
but  not  by  others,  such  as  mercuric  salpliate.  Urobilin  is  precipiUted  from 
the  urine  by  phosphottmgstic  acid.  It  does  not  give  Gmei.in*8  test  for  bile- 
pigments,  (t  gives,  on  the  contrary,  a  reaction  which  may  bo  nitstaken  for 
the  biuret  test,  by  the  aetiou  of  copiwr  euljihate  an.l  alkali.' 

Neutral  alcoholic  urobilin  solutions  are  in  strong  concentration  brownish 
yellow,  in  great  dilution  yellow  or  rose-colored.  They  have  a  strong  green 
Bnoreecence.  Tito  acid-akobolio  scilutionB  are  hrown,  reddish  yellow,  or 
rose-red,  according  to  concentration.  They  are  not  fluorescent,  bnt  show 
a  faint  absorption-band,  y^  between  b  and  F,  which  borders  ou  /'.  or  in 
greater  concentration  extends  over  F.  The  alkaline  solutions  are  brownisb 
yellow,  yellow,  or  (the  ammoniacal)  yellowish  green,  according  to  concec- 
tratiou.  If  some  zinc-chloride  eotnlion  is  added  to  an  ammoniacal  solotioD, 
it  becomes  red  and  shows  a  beatitiful  green  flnorescence.  This  solution,  ss 
also  that  made  nlkaline  with  tlxerl  alkaliee,  shows  a  darker  and  mote 
sharply  defiuetl  baud,  rf,  between  h  and  /',  almost  midway  between  E 
and  F,  If  a  safliciently  concentrated  solution  of  nrobilin  alkali  is  carefully 
acidified  with  saphnric  acid  it  becomes  cloudy  aud  shows  a  second  band 


^  In  regard  to  tlie  literature  od  tliia  subject  we  refer  the  render  to  D.  Qcrbnrdt,  "  Ceber 
Hydroblltrablii  unU  Heine  Bexiebuni^ca  zum  Ikterus"  (Bcrl)a,-188tt),  sad  also  G.  Hoppe- 
Scyh'i.  Vircliow's  Arcli..  BJ.  IJM. 

'  Jonrn   Je  Pliarni.  tl  Cliiui.,  18T8,  died  from  Muly's  JalirMber.,  Bd.  8. 

*  See  SklkowoU.  Buriiu.  kllu.  Wochvusubr.  IWt,  ftud  Stokvb.  Zeit«cbr.  f.  Biolo^ 
Bd.  U. 
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exHcLlv  at  E  aqA  cotinected  with  y  Xty  ^  shadow  (Garrod  and  Hopkiks, 

SlILLET'), 

Urobilinogou  is  colorless  or  is  only  slightly  colored.  Like  arobilia  it  is 
preci|iitated  frnm  tlio  urine  by  satumblng  with  AmmoDJcim  aolphate. 
Accorfiing  to  Saillet  it  may  be  extracted  by  acetic  etber  from  urine  acidi- 
fieii  with  acetic  iM^id.  It  disaolrea  sUo  in  cliloroform,  ethyl  etlicr,  and 
amjalcohol.  It  shovs  no  absorption-hands,  and  is  readily  converted  into 
arobitin  by  the  inflnence  of  snnlight  and  oxygen.. 

Id  preparing  urobilin  from  normal  nrine,  precipitate  the  nrine  vith 
basic  lead  acetate  (Jaffb),  wash  the  precipitate  with  water,  dry  at  the 
ordinary  tempemtare,  then  boil  it  with  alcohol,  and  dcconipoac  it  when  cold 
with  ulaohol  contuiniiig  Hulphuric  acid.  The  filtered  uleoholte  Holution  is 
diluted  with  water,  saturated  with  ammotiia,  and  then  treated  with  zinc- 
chloride  sohition.  This  new  precipitate  is  washed  free  from  chlorine  with 
water,  boiled  with  alcohol,  drietJ,  di&solvod  in  nmiiionia,  and  this  solution 
precipitated  with  sagar  of  lead.  Tbia  precipitate,  which  is  washed  with 
7ater  and  irnilc^d  with  ah^ohol.  Is  decomposed  by  ah^oliol  cont^iiniiig  sul- 
phuric acid,  the  filtered  alcoholic  solution  Is  mixed  with  \  rol.  chloroform, 
diluted  with  water,  and  sliaken  repeatedly,  hut  not  too  energetically.  The 
urobilin  is  taken  np  by  the  chloroform.  This  last  is  waslieu  once  or  twic« 
with  a  little  water  and  then  distilled,  leaviug  the  urubiltn.  Tlie  pigment 
may  he  precipitated  directly  from  the  urine  rich  in  urobilin  by  ainiTionia 
and  zinc  chloride,  and  the  precipitate  treated  as  above  dccribod  (JAb'KE). 

The  method  suttcested  by  MKrtY  (proci|ittation  with  arnmoniiim  snl- 
phate)  has  been  modified  by  (iAKKuii  and  Hopkins  in  that  they  first  remove 
the  nrio  acid  by  saturating  with  ammonium  chloride  and  then  saturating 
the  nitrate  with  ammonium  sulphate.  The  prBcipitated  nrobiliu  is  thus 
mode  purer  than  by  saturatin;;  with  the  sulphate  directly.  The  nrobllin  is 
extracteil  from  the  dried  precipitate  by  a  great  deal  of  water,  reprecijiilated 
by  ammonium  sulphate,  and  this  procednre  repeated  several  times  if  neces- 
sary. The  dried  preciiiitato  finally  obtained  is  dissolved  in  absolute  alcohol. 
In  regard  to  small  details,  and  to  a  second  method  suggested  by  these  experi- 
menters, we  refer  to  the  original  work.' 

Saillet  extracts  the  urobilinogen  from  the  urine  by  shaking  with 
acetic  ether,  using  a  keroiene'oll  light.* 

The  color  of  the  acid  or  alkaline  solution,  the  beimtifnl  fluorescence  of 
the  ummoniacal  solution  treated  with  zinc  cliluride,  and  the  absorption- 
bands  of  the  spectrum,  all  serve  as  means  of  detecting  urobilin.  In  fever- 
arines  the  urobillD  may  bs  detected  directly  or  after  the  addition  of 
ammonia  and  zinc  chloride  by  its  spectniin.  It  may  also  sometimes  he  de- 
tected in  normal  urine,  either  directly  or  after  the  urine  has  stood  exposed  to 
the  air  until  the  chroniogen  has  been  converted  into  urobititi.  If  it  cannot 
be  detected  by  means  of  the  spectroscope,  then  the  urine  may  bo  treated 
with  a  mineral  acid  and  shaken  with  ctlier  or,  siill  better^  with  amylalcohol. 
The  amylalcohol  solution  is,  either  directly  or  after  addition  of  a  strongly 
ammoniacal  alcoholic  solution  of  zinc  chloride,  tested  npectroi^cnpically.     If 

■  GsmjiJ  uikI  HopkbH.  Journ,  of  Physiol..  Vol.  30 ;  Saillel,  I.  c. 

•  Joura,  of  PhjsiMl,.  V<.1.  a«. 

'  In  rcgRfd  to  ilils  am)  oilier  mctboils  wc  must  refer  tbe  ri-nder  lo  ^itocial  works. 
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the  nrobilin  cannot  be  detected  io  this  wny,  the  pigment  may  be  isolated 
br  ammoiiiuni  eolphate  according  to  tLe  above-described  method  of  Gaubod 
and  HorKiNS. 

In  the  qnantitntive  cRtimation  of  urobilin  we  proceed  as  follows,  aoconl- 
iiifr  to  (I.  Iioite-Seylew:  '  100  c.c.  of  tiie  urine  is  acidified  with  snlpharic 
arid  and  ButtimtGil  wttli  aninioiiiuin  Biilpbate.  The  precipitate  is  collected 
on  a  filler  after  eotne  time,  waslied  witli  a  satDrated  eolation  of  ammoiiiQiu 
stilpliate,  and  repeatedly  extracted  with  equal  parts  alcohol  and  cblorofonn 
after  pressing.  The  filtered  solation  is  treated  with  water  in  a  separator; 
funnel  until  the  chlorufot^n  separaleii  well  and  becomes  clear.  The  chloro- 
form solntion  is  evaporated  on  the  water-buth  in  a  weighed  beuker,  the 
residue  dried  at  100"  C,  and  then  extracted  with  ether.  The  ethereal 
extract  is  filtered,  tlie  rcsidao  on  the  filter  dissolved  tn  alcohol,  and  tratii- 
ferred  to  the  beaker  and  cvaiioratcd,  then  dried  and  weighed.  According  to 
this  methtid  G.  noPiT.-SFyi.EH  found  O.OS-0.14  grm.  urobilin  in  one  daj*i 
crine  of  a  healthy  person,  or  an  average  of  0.123  grm. 

Urobllta  0187  oIbo  be  dvlvrniiiicd  spectrtvpbotonivtricaUjr  acoonliag  lo  Fk.  Mvuxb 
or  lu  Saiix&t.*  According  tu  8aii.i.bt  Ihe  limit  for  the  percfptlbllity  of  tlic  iibsorpllotf 
bfimis  of  ail  add  uruMUu  solutfoD  Ilea  tu  a  conct^iiirallou  »i  1  mtlllgruinme  iimbilln  la  ^ 
c.  r.  Miliiiioti  wlimi  tlic  thickarss  of  Itiv  layiT  ar  lliiid  is  1.%  mm.  In  n  qiinnittativr  e«ll- 
miiliuij  lbc>  iiiohiliit  Biiliitiikn  is  diluled  to  tlif«  limit  ft»>i  tlu-u  ibt-  qiuiuliiv  tif  iiroUIlD 
raU-iilAiecl  frnm  die  exlrnt  nf  (liliiliitn.  The  fi'eiihiy  T(>iile<l  iirliit-,  sliii-Idrd  fmin  li^l. 
i«  nciditicil  -wiib  Hoeltc  nrl<),  cniiiplctrly  exiraried  In  koroHcnf-oI]  IJglit  wiili  acetic  «>b«r, 
KUd  the  diuc'lveci  urobiliuotfcu  oxlilizt-tl  to  Uioblliu  with  nUiic  ivcid.  On  llic  ndiiition  nf 
uiiitTKiiiin  niul  »h»)iii';;  wllh  unl<>r  ii\f  iirnlilllii  pii«H-8  Into  ihc  wtilcry  MituijoD.  Tbif  it 
acldiQeil  with  bydmchloHc  nchl  aud  dlluU-d  uuiil  tlio  above  limit  Is  feuctied. 

Uroerythrin  la  the  plgineiit  which  ofteti  gives  the  beautiful  red  color  to 
the  nrinary  sediments  {nedimenf um  laleritium).  It  also  frecjiiently  ovcura, 
although  only  in  very  small  quantities,  dissolved  in  normal  urines.  Tlie 
quantity  is  increased  after  great  mnscular  ncttvity,  after  profasc  penpini* 
tion,  immoderate  eating,  or  partaking  of  alcoholic  drinks,  as  well  as  after 
digetitire  distQrbaucee,  fevers,  circulation  disturbances  of  the  liver,  and  in 
manv  other  pathological  conditions. 

Uroerylhrin,  which  has  been  especially  stadied  by  Zo.ta,  Uiva,  and 
Gakewu,*  haa  a  pick  color,  is  amorphous  and  is  very  quickly  destroyed  by 
light,  especiFkUy  when  in  solution.  The  bei^t  solvent  is  amylolcohol;  acetie 
ether  is  not  so  good,  and  alcohol,  chloroform,  and  water  are  even  leas  val- 
uable. The  very  dilute  solutions  show  a  pink  color;  but  on  greater  couoen- 
tratioti  they  become  reddish  orange  or  fire-red.  They  do  not  fluoreace  eitlwr 
directly  or  after  the  addition  of  ammcniacal  solution  of  sine  chloride,  bat 
they  have  a  strong  absorption,  beginning  in  the  middle  Iwtween  D  and  E 
and  extending  to  about  h\  and  consisting  of  two  bands  which  are  conoected 
by  a  shadow  between  E  and  b.     Concentrated  snlpburio  aoid   oolon  a 

'  Virchow'fl  Arch..  Bd.  124. 

*  Fr.  Mailur,  blu  Bu[iperl-Nriibnn«r.  p.  ^81  :  Saillol.  I.  0. 

'  Zf>\.\,  Arcb.  Ital.  dl  centra  irrd..  1898.  and  CeoiralM.  r.  d.  uittl.  WlwH-itftrh. .  1699: 
Rirn,  Uu.  mcd.  di  Tnriiin.  Anno  43,  died  from  Miily's  Jabresber.,  Bd.  24;  Oairod. 
Joum.  of  PhyBioI.,  V»I«.  17  aud  81. 
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aroerjtliriu  solatioa  a  beautiXul  canaine  red;  lijdrocliloric  acid  giros  a  piuk 
color.  Alkalies  make  its  eokitioaB  gruss-greeD,  ami  often  a  play  of  colon 
from  pink  to  purple  and  blue  is  observed. 

Id  preparing  itroer^lbriD  tbe  nediment.  nooonliiie  to  Qarrod.  is  dhsolred  In  water  iit 
a  ^tit'«  nciil  and  MLturat(^cl  with  uinmoiiliim  chlondc.  wlilcb  precipitates  Ibe  |)i^in«iit 
witli  tL<;  tiiiimouiiiTii  unite  Tliis  ii  ]>uiili«il  by  re|iealed  buIuUou  in  w>tU'r  \tud  prixipi- 
Uiiiun  wiiti  iiuiutuuiuni  clilurlilv  iiulil  ull  Lbe  urulillii]  l»  ix-uiovcd.  The-  priKrljiiinte  1» 
llQ.illy  oxtractci)  ou  tlic  t\Wc  iti  ihe  dark  with  wiu-iti  n-Htrr,  tlltcicd.  dftuu-<l  wllli  whIim'. 
niiy  luciiiutdiKirpliyriii  rbtiinltiiDg  i*  ruiiiuvcd  tiy  shiikiD},'  wUli  t:)ili>rufDnn,  fnriiLlv  ncidl- 
ittit  will]  Hceiic  nciil  and  sliukeo  wiili  clilurufonn.  wbicli  lakes  up  tli«  uroeryiliiiu.  Tin 
cuiuri>r<iriu  iaL'VupiiTstod  iii  the  dark  iit  u  goolk*  lii^t. 

lV«^';^/'i«y.Wrf»,suchaa,formiciicid.  iiwlicHcid,  and  perliiiii-ialaobtilyriraf-id,  otcur 
under  [lormal  uutidlllonB  iu  liuuiuu  urliR'  (v.  Jak^cui,  nlmi  in  lliat  *st  di^ga  iiiid  bc-rbivom 
(SuHotTEiJj.  'I'be  acida  poorcai  lu  carlioii.  auL-h  iia  runiiic  acid  aud  bccIic  aild.  lire  moTc 
Constant  in  ibe  hndy  Uian  IhoiHJ  rtcber  iu  cnilknn,  and  Iberefore  the  rclallvoljr  );n.-al>;r 
pirt  ut  tbt-ao  puss  imcbanged  iitUi  tli«  unuvi^iHKTTKX).  ^'uniiul  iiuinjin  urine  umuiDS 
beaides  lbi>s<>  bixliesi  otben  wtiJcb  yinld  ar<-lu:  ariil  when  oxidized  l>y  potassium  dicbro- 
male  nud  fiulpburic  acid  (t.  Jakkqi.  Tbe  quaiillry  of  volaillo  fatly  acida  in  noruinl 
mine  ia,  au-ordJuK  Ui  v.  Jakhtii,  0.(KM-<>(HJtt  ^rni.  per  'l\  linura.  and  according  to 
V.  HoRiTANSKT  0  0->4  grin.  Tliti  quaniiiy  l«  inci«.':iM-d  by  excliisire  farluacafnis  food 
<ll-»KirA}iAKv|,  ul.sri  in  fewr  aud  in  cvrlaiu  dlst-asvfi  of  tli<>  tiver  iy.  jAKMtn).  It  is  nlto 
IncrcAted  in  Icintcrnii^  luid  In  luauy  cttsea  of  diikt>ctt'i  (v.  Jakscu]  Lur^  aiuuuuls  of 
TOliilile  fatly  mcidfl  ait;  produced  in  tlie  alkallue  feiui«n1alio9i  »(  tbe  utine,  and  l!ii-  ([uiiu- 
tliy  ii  t^Vt  liuiKK  HI  1:ii^*  tLi  [ti  numial  iiritie  (Sai,II(iwhki  ').  Kou-ndntiU  f'tlly  andt 
hare  be«n  detected  as  uornial  coiistitueou  of  urtne  by  K.  MAkhek  and  IItubikette.' 

Paralaelie  Acul.  It  is  claimed  llial  tbis  arid  iicciirs  in  lbe  urine  of  bmlljjy  pcrHtmH 
aflcr  very  raligulni;  marclics  (CoLAaANTi  and  MostATELl.1).  It  U  lound  'tu  larger 
atnounU  lu  llie  uriue  iu  acute  pbos|)borus  pMisouiug  ur  acute  yellow  atropby  <jf  iliv  llt-cr 
(ScuDLTKKH  and  Kibbs).  Accontiuj?  to  ihtj  invesligiitionit  of  HorrE  Sevlkk.  Akaki, 
aod  r.  Tkiirat  lactic  acid  pa&wa  into  tbe  uiioi;  na  suou  at  the  supply  of  oxy^'cu  Is 
decruiscd  in  any  Mrtiv.  Muvkhwhac*  \m9  hIiomu  ibat  liicllc  acid  occurs  In  ihf:  urine  in 
large  ipiniitJtivt  nn  tlie  exiirpntiOQ  of  lbe  llTc-r  nf  birdi- 

Qlye*ra-phoiphorie  nfid  occuta  ax  tnu'es  in  tbo  iiriue,*  and  it  la  |>robably  a  ducomposl- 
tli'M  product  of  lecilbin.  Tlie  occurrence  of  Mu<ciiM  aeid  in  uormal  urine  Is  a  subject 
of  duKiussioo. 

Carhohydrates  and  Reducing  Substances  in  the  Urine.  The  occurrence 
ot  grapt- sugar  as  traces  io  normal  urine  is  higlilj  probable,  as  the  inresti- 
gatioas  of  BkOcke,  Abeles,  and  v.  Vdranszky  show.  The  last  investi- 
gator haa  also  showu  the  Imbitutil  occurrence  of  curbohyd rates  in  tbe  urine, 
a&d  their  presence  has  beea  poaitirely  proved  by  the  investigations  of 
Bauuann  and  Wkubnski,  and  especially  by  Daisch.  Besides  glncose 
normal  uriue  contains,  according  to  BAiscn,  another  not  well-studied 
rariety  of  sugar;  according  to  Leuairb,  probably  isomaltose,  and  beaidM 
this  a  dextrin-like  carbuhyilriite  (animal  gam),  as  shown  by  Laitdwkiir, 
Wedexski,  and  ItAiscn.* 

■  ▼.  Jitkech.  Zcitachr.  f.  ptiyiiol.  C'bctn..  Bd.  10  ;  Bcbottcn,  1.  c,  Od.  7 :  Rokiioaaky. 
Wleo.  raed.  Jabrbticb,  \H9tl ;  Srdkowskl,  Zsilacbr.  f.  pbyal^'l.  Clieni.,  Bd.  IS. 

'  Skatid.  Arch.  f.  Physiol..  n±  7. 

'  CoUi.siinll  and  Mo^ciLlcll!,  Molescbott'a  Unlerauch.,  ltd.  H:  Schidlxen  and  Hetsa, 
Cbcm.  Cunlrul'd.,  1S09  ;  ArakI,  Zeiisclir.  f.  pbjslol.  Chem.,  Bdd.  15,  16,  17,  19.  See 
also  IHsawa.  ibid..  lid  17;  v.  Tcrray.  PnOgcr'n  Arch..  Bd.  fi.l.  See  also  ScliDlz, 
ZeiUcbT.  r.  physio).  Clioni..  Bd.  19:  SliDkowakl,  Arch.  f.  exp.  Patli.  u.  Pbarm..  Bdd. 
SI  and  81. 

*  See  Paaqualia,  Maly's  Jabresber.,  Ud.  S4. 

■  Lemalre,  Zellacbr  f.  pUysiol.  Cbetn.,  Bd.  31 ;  Qaiach,  i6iW.,  Bdd.  18.  19,  and  SO; 
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Gesidea  traces  of  sugar  and  the  previotuly  mentioned  redncing  sub* 
8Ca.nceB,  uric  acid  and  creatiuin,  tho  uriuo  contaiuit  Btill  other  i^dociDg 
Bubfltaiices.  These  last  are  probably  {Fi-Cckiaeh)  cotijiigated  combinatioo* 
of  glycnronic  acid^  U,H„0, ,  which  closely  resembles  sugar.  Tbe  reducicg 
power  of  normal  urine  correepoiulsj  according  to  varioM  inTestigators,  to 
i..'j-.'i.!3fi  p.  m.  grape-Bugar.' 

Glycuromc  Acid,  C.H.,0,  or  CUO.(CU.0U)..C00!r.  Tliis  acid  may 
be  conrerted  into  saccharic  acid,  C.U„0,,  by  the  action  of  bromine 
{TiiiEHfiiLDEB),  and  it  seeriia  to  oceujjy  uii  inter  mediate  poailion  between 
this  acid  aod  gluconic  acid,  C,H,,0,.  It  \%  a  derlTatifo  of  glucose,  and 
FlsciiF.H  and  I'lLOTY  bave  prepai-ed  it  synthetically  by  the  reduction  of 
saccburo-lactonic  acid.  Further  reduction  yields  gtilonic  acid  lacton 
(THlERPKLnEH).  Glycoronic  acid  is  an  intermodiato  metabolic  prodact, 
and  it  occurs  in  tbe  urine  only  when  it  is  protected  from  combustion  in  tbe 
animal  body  by  combining  with  oilier  bodies.  Such  conjugated  combina- 
tions with  iudnxyl,  akatoxyl,  and  phenols  occur  probably  normally  in  reiy 
8m:dl  quantities  in  human  urine.  This  add  as  conjugated  glycnronic  acids 
passes  in  large  qnantities  into  tlie  tiriue  after  the  administration  of  various 
tlieni[)cntio  agents  or  certain  other  siibetances.  Thus  SciiMiKnEnEur.  and 
Meyek  found  campho-glycuronic  acid  in  the  nrine  after  juirtaking  of 
cam])hor,  and  v.  .MEHiNfi'  sluiwed  th«  presence  of  urochloralic  acid  (see 
Casual  Constituents  of  the  TTrine)  after  the  adminiatratioD  of  chloral 
hydrate.  According  to  SciiMiEnEiiKKO*  glycnronic  acid  seems  to  oocor  in 
cartilage  because  it  \a  contained  in  chondrosin,  a  cleavage  product  of 
cboudroitin-sutpharic  acid.  It  is  also  fonnd  in  the  artist's  color  **JBune 
indien,''^  which  contains  the  mii^nesinm-salt  of  enxanthic  acid  (enxno- 
thou-glycurouic  iicid).  On  heating  this  acid  with  water  to  120-125°  C.  it 
splits  into  euxautinn  and  glycnronic  acid,  and  it  is  the  most  ftfaJlable 
material  for  the  preparation  of  glycnronic  acid  (Ttiierfelder).  Anotlier 
acid,  isomeric  with  tbe  ordinary  glycnronic  acid,  has  been  found  in  the 
nrine  in  certain  cases  (see  Casual  Constituents  of  the  Urine). 

Glycnronic  acid  is  not  crystalline,  but  is  obtained  only  as  a  symp.  It 
dissolree  in  alcohol  and  is  easily  soluble  in  water.  If  the  watery  solution  is 
boiled  for  an  hour,  the  acid  is  in  part  (20^)  coiiTcrted  into  the  anhydride 
ciLY!  iROX,  C,H,0, ,  which  is  crystalline,  soluble  in  water,  hut  insoluble  io 
alcohol.     The  alkali  salts  of  this  acid  are  crystalline.     The  neutnU  harinm 


TreDpel.  ibid..  Bd.  10.  These  articles  coQiaia  rcferoDoet  to  the  work  of  oth«r  ioves- 
tigattirB. 

'  FlIlckigcT.  ZL-iUicbr.  f.  pliystol.  Clieni..  Bd.  9.    See  also  IIutipert-NculMuvr.  p.  7S. 

1  Tlilt^rfeltlcr,  Zt^ilBclir.  f.  physi»l.  Cbtm..  Bdd.  II,  IS,  and  15  ;  Fisilier  siiij  Piloiy, 
Ber.  d.  deuucli.  cheui.  tie»«llscti..  Bd.  2A,  Scbniledebers  ud  Meyer,  Zellficlir,  U 
pbytiol.  Cbein.,  Bil.  3;  v.  Meriiig,  idtVf.,  Ud.  6. 

*  Arcli.  t.  exp.  Pntb.  u.  PIibtui..  HJ.  28. 
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salt  ia  amorphoas,  Boluble  m  water,  bat  i»  precipitated  bj  alcohol.  If  a 
coQceutrated  solntion  of  the  acid  is  »atiirateil  with  hnriiun  hyilmte,  the 
basic  barium  Bait  separates.  The  neutral  lead  salt  ia  soloble  in  water,  bat 
the  basic  salt  ia,  on  the  coutrarv,  iuaoluble.  The  acid  is  dextrogyrate  acd 
reduces  copper,  ailver,  aud  bismuth  aalts.  It  does  not  fonneiit  with  ycasL 
Glycnronic  acid  gives  the  fiirfnro]  reaction  and  acts  like  a  ]>eiitoB«  vrhen 
tested  vith  phlorogluciu-hydrochloric  acid.  With  pbeuylhydruziu  potaa- 
simn  glvciironate  gives  a  tlaky  yellow  precipitate  of  miorotwiopic  needles 
which  melt  at  114-U5''  C.  The  reports  in  regard  to  the  behavior  of 
glycoroDic  acid  with  this  teat  are  rery  contradictory.' 

All  conjugated  glycnronic  acids  are  l»>vo- rotator}-,  while  glycnronic  acid 
itself  is  dextro-rotatory.  Tliey  are  split  into  glycnronic  acid  and  the  aereral 
other  groups  by  the  addition  of  water.  A  few  of  the  conjugated  glycnronic 
acids,  each  as  the  nrochlonUic  acid,  reduce  copper  oxide  and  certain  other 
uu'tallio  oxides  in  alkaline  eolntion,  and  therefore  they  may  interfere  with 
the  detection  of  angar  in  the  prine. 

Ulycnronic  acid  may  be  prepared  from  nrochloralic  arid  or  ciinipho* 
glycurouio  acid  by  bosUng  with  a  mineral  acid.  It  may  be  prepiired  more 
easily  by  heating  euxanthic  acid  wilh  water  in  a  Pai'IN'^i  digester  to 
120-125°  C.  for  an  hour  and  ovaporalang  Lbe  watery  soliilinn  at  -f-  -JO"  C. 
The  anhydride  which  crystalliMS  is  gradu:Uly  removed,  the  mother-lir|uor 
diluted  with  water  and  boiled  for  a  time  to  couvert  a  second  portion  of  acid 
into  anhydride,  and  then  evaporated  at  about  4-  ■i^"  C'.  This  is  continued 
until  nearly  all  ttie  acid  ia  converted  into  unhydride.  The  anhyflride  may 
then  be  furtlier  purified. 

Organic  e'-mirt/uidouit  eiminirtiuff  titipkur  of  unknown  kind,  wlilcb  may  lu  ama1l  part 
OOflsUt  of  BHtphoi-paaiiit\  0.01  ((jbcuridi.kn)-(I  11  p.  m.  1 1.  Mt'NK].'  eytUn.  or  bfidifi 
reliileit  to  it,  laurin  d/rimtims,  eiiomlrniUh-nutph'iric  driit.  prottin  t'Q<U'»,  mid  itxyjprateU 
ati'l.  iir»  fi>uu(i  In  liuitimi  as  well  as  luaniiiinl  urines,  lim  aiiiptiur  of  tlmu  mostly 
iiukiiowii  cuiiiliiiinlEoiis  liiis  Ir-oii  cnlU-d  '•ut'iilrul."  lo  liiffirviitlati-  ll  from  iliu  "Bcid  ' 
»ul|)bur<>f  the  iiiilpliiitc  iiiid  ctiicrcnl-snlphuifc  aciiU  tSAi.Kr>wfiKi'i.  Tbu  Deulrul  sul- 
pliUf  ill  inijiiiiil  ijiiiie  (w  dettTTrdneil  Uy  Sm.kovi»ki  \»  1,15.  hy  STADTnAGE>  1S.3-I-I.KE, 
arid  )iy  hkviSK  '^^i  of  tbi-  kxnl  milptiur.  In  ariirviitiou.  Kc-c-uitliuf;  Ui  Kit.  MOllkk,  llic 
alMolutu  and  rvlaiivc  qtmnlitlei  iucreiue.  According  to  IIf.fttek  lliv  <itiaui!i}-  is 
greaUT  wlllt  a  bmui  dk-t  ihuii  witli  it  meat  did.  ExcosalTu  tiiiisrulnr  uxerL'Ui!  iiH-rtuuea 
tlie  ellmiualiou  of  |l.«  acid  a«  wvll  ti»  Cli«  Dcutnil  tuli^ibur  (Bkck  nnd  BsKKDlKT, 
McxK*).  Tiki-  (|UBiiiily  of  ii>L'uirul  Bulpluir  also  [ncrtuses  wiili  iiiaulliciciit  Biipply  of 
oxyiri-M  (Rbalk  und  fktKni).  in  clilonik.in)  nurcoajit  (Kabt  sud  Mi;»TiiR).  Bitd  &1»o  after 
tbo  iutriHluGli<>Ei  q(  anlpliiir  [Pitiiitru  and  TvitN  *).  Ai  coidUig  lir  L&ri.SK  a  [lart  of  tlie 
Deutnil  Bulplmr  Is  more  rcwlily  {ixidlzt'd  (directly  wiib  clilnrino  nr  lirominc)  liila  ruI- 


>  For  lilcrnturc  61^0  Iliuiiiiisrston,  Zvllsctir,  f.  pliyalol.  Chem.,  IJd.  ID,  S.  80,  aud 
Rooa.  itid  .  Bd.  15.  S.  riiS. 

•  QBcheidlen,  PllOgcra  Arrii.,  B<I.  U  ;  Miink.  VlrcboWi  Arcli.,  Bd.  00. 

•  ll/id..  Bd.  68.  And  Z«il«nlir.  f,  [ihysiol.  Cteni..  Bd.  9. 

*  Stadlliageii.  Vtrcliow's  Arrli  .  Hd.  100;  Li'i>?iie,  Coinpl.  read..  Tomes  91  and  97  ; 
Fr.  Mnller.  Herliii.  kliti.  WtwIieiiHi^ln..  1887;  Ut^ffivr.  PUQger's  Arcli..  Bd.  38:  Beck 
and  BflQcdikt.  SUly's  Jithresber.,  Bd.  23.  S.  323;  Muuk.  Du  BwI»R«ymond't  Arcli,, 
188.V 

*  Rcale  nnd  BoeH.  Mid.t  's  Jshreibcr.,  Bd.  S-i,  East  and  Mest«r,  ZcitocUr.  (.  kiln.  Med., 
Bd.  18  ;  Prereli.  Vlrt-ljoH's  Arelu.  Bd.  119  ;  Yron.  Arcli.  de  Pliyahl.  (fi).  T«»mf  TU. 
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pburic  RCltl  ihaii  llie  oiher.  wlilcli  is  llrsl  ronverled  lolo  sulphuric  add  afier  funloe  wliL 
piiiiiHli  mill  niiHiwirc  Accoitllug  lo  tin-  iuvcstignlifiiis  at  W,  Smith  ■  it  i»  prolmljTe  ibu 
ilic  iiKiHi  iiuoxiili/Jtlile  pari  <if  ilie  iii^iitm!  flulpliiir  iicriir»  us  ^ulplio-acids.  Ao  locnueil 
tlimiimlioii  *»(  iii?iitnil  ifiilpliiir  Im*  Ik-vh  observed  in  v«rio>i»  rliseasfs.  sucti  ii»  piiMi- 
moiiffl,  cyslhiiiiiii,  iuilI  edjiucuil ly  ^ht-vi'!  Llic  How  *tt  hWts  iu(u  Ibv  lulcsciuc  is  prevciit«d. 

UaUNaCK  auil  Klkinu'  liikVu  uriivcul  &l  tbe  coucluston,  froiii  immeivua  ilcleruiiDa 
ttoDii  i>r  tUc  »ul[t)jut  of  (lie  ntjite,  Uiut  tiut  ouly  ]»  lUe  tutu)  sulpliur  gviit-'rnlly  propol- 
tiouBte  to  the  tuUl  uflro^uti,  but  likcwiau  tliu  relniionsliip  betwecu  oxidized  sulphur  nod 
lutril  SLilplkur  is  alwnys  pruputlluiiule  lu  lliat  bt-twii-ii  umi  ami  IIir  luliil  [ii(r(it;<^'ii.  Tlie 
more  nnoxlJI'M't]  Hulpbiir  Ui^litiiiiiuteii,  the  innifi  do  «-(.<  linil  in  itie  uriot.'  an  uLmuiiftiict 
of  iiiLnie<Mi(H)us  rompouiid*.  iiol  urea.  lu  ticalliir  jtcrtiuiiH  uu  i\  mixed  tH«>t  ttioy  fuiiud 
that  l0-?4:i  of  tlie  tutul  siiljihur  was  or^iKiic  Riil|i|iiir,  In  dixt-MP  llie  pcrccnin'ge  it  Id 
|>nrt  d^iiicudeut  upon  Itie  c|Uniility  of  food,  wlilcli  itrcvenlA  nay  cvnclusiou  to  bednirn 
im  t>t  (h«  liifliieDire  of  kind  nnd  extent  nf  diHcasc.  \Vhh  cotiliuunus  H«vete  dyspom,  tbc 
pcTccntai^e  of  orgiinic  siilpbut  may  uevcrtLc^o^^  Hhc  to  ii%. 

At'rimliiig  U)  HKNKtilKT*  \Uv  fkljnoliitp  viiliie  for  the  uuti-dxldiznhlc  sulphur  vmrie 
only  wilUiii  narrow  1Eniii».  tind  U  U  mucli  k-i^s  lU'iMwdcni  <j|!oii  tlie  extent  of  prott-id 
inviit1iuli«iu  tliiiii  upon  lli«  tiulplmricacid  value.  Tlie  rclaliw  vnlue  dcpVDils,  in  Uic 
lint  |d:i(-(.>.  upou  111!)  vMfiit  uf  I'lilplinritr-iic'id  ulinitnii'ioti,  rmd  ootTeHpttndinj^lv,  Ji  m^y 
be  HUiiiller  with  cxteusjvc  [^riittid  mclnbolism  nud  k'^'^'^'  vf\\.ii  n  diDiiui8Jiv<l  prolcid 
iiicinUiili^iin.  BHNtiuiKT  Is  uf  tlic  u{iiul<jti  tliut  thu  iit-uiral  Milpliiir  comblnnlions,  |>ei- 
linps  iiDAlugous  to  tlic  alloxitric  bndit-s.  h&vc  ibeir  <>rti;Jii  In  the  specUlc  dt^tructioo  ol 
cprtota   t;)uut}  cuustttuttiiti*,   wblcli  aie  tLlways  dec'ouipouKl  in  rattier  iinifortn  quanli- 

Tbe  total  qunulicy  of  sulplmr  In  tlic  iirijiB  Is  detvriubod  by  fusing  the  Milid  urinary 
reaidiiB  with  aaltpvire  and  (runiilii:  iill>nli.  Tbe  ({umilitv  of  neiitnl  Rillpbiir  I»  dcicr- 
mtnad  ua  the  dlifereiice  Itetw^^^n  the  mtal  Hulphiir  mid  liiv  sulphur  of  ib«  sulphate  tad 
elhRrnal -Hiilphtinc  auide.  Tbe  readily  »xidizublc  pan  <]f  the  nt'UlrnI  Kiilpljiir  18  deirr- 
mlncd  by  o)dJatI>nii  with  bmruiiiu  iir  puinaBtuni  chlorate  and  bylrM^Ulorlc  add  (LtPtKi, 

SulpftuTftttd  Jijfdragen  occurs  in  urine  only  under  abtinmial  condiiloiia  or  u  a  ik- 
compoMtiou  praduci.  Ku1p1iiirctted  hydroficn  may  be  produced  from  tbe  ueiitn'. 
BUlpliiir  of  ihc  urt'iiiiic  sulislames  of  llir  uilne  by  I'lio  iictliHi  uf  t-rr(uiri  bacteria  |Fk. 
Mci.r.KK.  S.MiKOWttKi  *l.  Olb^^r  inv^-gtiuntun  hnre  ;;ivfn  Ay/wjuiZ/iAiYr*  nn  the  nfimot 
till!  oiilpliui'eiti-d  byttron^u.  Tliu  iicuuiri-iiciL-  of  liyp'wiil|Otiii-s>  in  iKirmai  bunian  utIm. 
which  is  ii?>wtied  by  Hsffter.  is  dii*piiltil  by  Salkowrki  «nd  Pkkbcii.*  Ilyiusul- 
pblb'K  occur  coiiHlanlly  lu  cat's  urine  nn4l,  aa  a  rule,  also  in  ilup'.-i  urine. 

Orffiinie  eoml/iatUioii*  fonttitninff  pk'Hiphorm  (glycero-phiinpuoric  ncid,  pboepbocarnic 
arid  (l<ncRW(ioi>). etc.). which  yiflij  pliosjiburic  iicid  on  fiininir  with  Hnlipi'tre  and  caustic 
ftlkali.  an-  alBo  found  In  \niav  '[l.i'Ptsr.  and  Ktmosset,  OiiHTHL').  With  a  total  ellml- 
nadon  of  alxiut  2.0  f^tnii.  loLid  PjOi,  Oertrl  found  on  nti  nveisge  about  0.0B  gnat. 
PtO,  na  pho»idiorus  In  on.'ftidc  rninhltiittlnn. 

Knzymt*  of  various  kinds  hare  becu  Isolated  from  the  uriue.  Amour  tbew  we  may 
mention  pepain  (I^iitiCKE  anil  oI1lc-r^).  iJutfliitic  fmj/nK  rCViDNiiEiu  auif  olbcTB).  The 
occurrence  of  i-ctmin  and  trypsin  fo  (he  urine  i«  doubtful ' 

if'iein.  The  nubecula  consl«)8,  lu  sbuwu  by  K.  Mi^HKEit,*  of  >l  mucoid  wblch  cob- 
lains  12.T4!f  N  and  2.Z%S.  This  tiiucoid.  wlifch  apparently  orieiDaiesi  In  tbe  urinarj 
pft8sa;;cs.  may  )>.v<^  lo  n  olifibt  fxl^tit  Into  Kolulion  in  Ihc  uiiiie.  lii  ivgaiil  io  tbe  nnluie 
of  the  muciri:>itLud  uu^leiiiilbuiuhifl  olItiTwi'-c  i  rciirrlug  Itt  the  urine  ue  refer  ibe  tvadrr 
to  iLo  pBLhotogical  coirstltuentji  of  tlie  urine. 

>  Lupine.  1.  c;  Smith.  ZeiUchr.  f.  physiol.  Cbem..  Dd.  17. 

•  Zeitschr.  f.  Biologic.  B<].  HT. 

•  Zeitiscbr.  f.  kliu.  Med-.  Bd.  8C. 

*  Jerome.  PdtlBr-r's  Aicli,.  Bil.  00. 

'  Fr.  MGIW.  Berlin,  kliu.  W\K:lie]iftchr..  1887;  SnlkowsKi.  ibid..  1888. 
'  lU-fftcr.  PQugtr'B  Arch..   IW.  S8  ;    Salkowskl.  ibid.,  B.1.   SO;    Presch.  VircboWl 

Arcb-.H^l.  119. 

*  Rockwood.  Du  BoiB-ncyriioud's  Ai^-h..  ISM:  Oerlel.  ZeitMrlir.  f.  pbyvfol.  Cbeffl., 
Bd.  243,  which  cites  the  ulher  vorkn. 

*  In  rcj^ard  to  tlic  literature  on  enzymes  In  ibe  urine  aee  Huppert-Neub«uer,  pi.  BMl 

•  Stand.  Arch.  f.  Phyaiol..  Bii.  6. 
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OxjlpreUie  arid  U  the  name  gircn  by  Uondkynski  mdcI  GflTn.iRH  to  a  nilroKeiinus 
ncid  coQtalDiog  sulpbtir,  'wIindwexmiRiiccIn  liuniiiti  urine  wim  tint  ftiifrf;c«ic<I  IixTuhfer, 
ll  stwriiH  lo  liu  a  normal  mn&titiittDt  of  human  anil  <l<'^'s  ttrhie.  but  U  rtiuiid  lo  n  tmicfa 

Srnalcr   txictil   fn    ilio  uriiio   of   dugs   iioi»onpil    wilb    phnapbimis  I KiiM)Zrxi4iu    atid 
OTTt,iiCB).     Accoidiae  to  tb«se  cxpcrimeuitrs  <i  hoi  Qi«  fotmulu  CilInNnSOt. .  nu<1 

BulpUur.  aud  yields  oo  tyrcMtn  od  cliravtnge.  It  (1<h-s  not  give  dilicr  ilio  xiiDtb<j|<roleIc 
or  thp  bbirtrt  rmctioii.  II  gives  ii  faint  renponfle  witb  Mll.UiN'ji  reiigi'iil,  hhiI  is  nnl  pre- 
dpilalcd  by  pbo)>pboti]ti)tiilic  ncld;  bciicv  OQ  ibis  ikx'OUdI  ft  k'lula  lu  mi  error  in  lli« 
PfI-Cgkk  1111(1  lk>iil.AMt>  intlUoU  for  i-nlimnllug  urea.  lis  ^tariiim  siill  U  »olul>lfi  in  water 
Imi  iii»)litble  in  ak-nliul,  nud  wrvca  In  the  pre onralion  uf  ibe  nciil  frmii  iLu  iirinu.  Tbia 
ncitl  is  couHJdered  as  an  iuleriiwillaic  oxldution  product  of  protefda.  and  it  eimllnr  lu 
certnjri  le^pcrtH  In  Maly'h  iKTuxyprolie  ucid. 

Piomainet  ntid  tfueomtunf*  nr  poiBonons  Bub^toiicm  of  an  unknown  Idni).  vhtcb  nre 
ofti^n  dcacrilwd  as  alkaloidal  subMiitit-vs,  occur  in  uormal  uriuc  iPorcitsT,  ])oL'riiAHu. 
Aditcco.  and  othcmi.  UndtT  pslliolngk-al  coiidiiiuui  the  qutuility  of  ibiAt:  subsiMnces 
nuiy  be  Increa^od  (^BocciiAnD,  Lkpisk  mid  ■Oi'ekin.  Vii.i.ikhs,  GKiFnTHs,  Aliic,  and 
otbt!r>>).  Wilbin  llie  liiet  fen-  yL'nrs  ibi*  poisonoua  iHUfmrtlis  uf  iirliiv  hiivc  bt-cri  ibi^  niib- 
jwl  of  mofftlbnrrtiigh  iiivratijalion,  cspicliilly  by  Bolchjihu-  Hi-  found  ibnl  the  night 
tirtne  is  leu  poiwuoits  lliau  Hit;  day  urine,  and  tbut  tbt-  pui<>otiuMs  ctiiistituviiiR  of  llie 
day  nnd  nlgbt  iirliittthave  not  ibe  aaino  aclloo.  In  order  to  be  itble  to  coni^^nte  the 
toxic  powtr  of  the  urino  under  different  condllioos,  BorcUAitD  deleniiluca  (lie  rnoTOXio 
coErririKNT,  wbirli  \s  the  wvlgbt  nf  rabbit  in  kilns  tiint  is  killed  by  ibo  quantity  of 
nriov  «xcrcied  by  one  kilo  of  the  person  cxpcrimcnlcd  upon  In  24  himf*.* 

BACHAit.t  nnd  V.  UiiHXNfZKV  linVG  sliown  tliut  ptoinainea  miiy  occur  in  tbp  lirfae 
nnder  patlioloefcal  cnnditions.  Tliey  dt'mnnnlrjUpd  Ibn  prewncc  of  ibc  two  piomiilncs 
diacorered  and  first  Isolnted  by  Bhiroeh — imtrftfitnf,  Q,\\,%'St  (iei»iinieiliyiei)di»iuin), 
and  fnAtvrrin.  ('tlli,N|  (penlninctliylenilinnnn) — in  ihcuriDBof  a  palipnt. sulTiTiiiij  from 
cystliiuria  and  caiarrb  of  the  blaildcr.  Cadavorln  lia»  Inier  been  found  by  Stadtuage:» 
and  BttiKOKH  in  tlii!  urine  in  two  ciiwes  of  cystinuria. 

BuiRoen  v.  UniUNaKKT  and  Bal'uatim.  nnd  Btadthaoek  *  bare  shown  ibat  neither 
these  our  oiber  diamins  occur  under  pbvsioloeical  coiiditioua.  The  occurreuce  in  nor- 
mnl  urlni-  of  any  "*  uriiw  poiton  "  U  denied  Ijy  cerlalu  iuvi'sil^iora,  auch  as  Btaiitiia- 
okh.  Bbck.  aod  T.  D.  Hehoh.*  Tlie  pnidonout  aciloii  of  tbc  urine,  acrortlln^  to  (liem, 
Is  due  in  piirt  to  Ibo  p<iliissiuin  sall!i  »nd  in  imrl  tu  the  sum  of  tlie  toxU'Ily  of  ilie  otber 
Donaal  urliuiry  coo^tilucDis  (iirfs.  crenlinin,  etc),  wbich  hare  very  little  poUonotis 
action  individutilly.  The  saiue  oxperiaiealers  have  prcaeuled  very  forcible  objcctlooato 
BoucuARn's  doctrine. 

Many  substances  hare  becu  obMtrved  iu  atilmal  urine  nblch  are  not  found  io  IttiinaD 
urine.  To  these  bplnn;^  the  abovo-desiiribed  kyuurenie  aeid,  a roenuiit  a n4.  nlaii  tnund 
\a  dog'i  urliie  And  wblcli  seems  to  sliind  In  some  rt^lationshlp  to  die  putln  bascH  :  liama- 
tarw  ncid  and  damolie  arid  mciotdinp  toScm>TTES,'  prolmbly  a  mixture  nf  henr-oic  acid 
wlUi  rolaiHe  fatly  aciils),  obiairied  by  Ujr  dlaiillftllon  of  cow's  urine  ;  and  lastly  Uthurie 
aeid.  found  lo  the  tiriuory  coDcremcata  of  oort&tu  anlmalt. 

III.  Inorg:tiuic  Coustitueiits  of  Vrlnc. 

Chlorides.  Tbo  cblorino  occurriug  io  nriue  is  iiudoubt«dlj  combined 
with  tlta  baees  cDntained  in  this  excretion;  the  chief  part  is  coDiiiined*with 
Bodiam.  l:t  accordance  with  this,  the  quantity  of  clilorine  in  the  urine  ii 
generally  expressed  aa  NaCI. 

■  Bondzyuaki  and  Gottlieb,  Ccnlralbl.  f.  d.  lacd.  Wluen»ch..  1897,  Ko.  83 :  Topfer, 
P4d..  No.  41  ;  C'loettn,  Arch.  f.  esp.  Path,  u,  Pliarm..  Bd.  40. 

'  Aconij^lete  bibliography  ou  ptomaines  and  leucoinalQU  In  the  uriue  b  found  lu 
Hupperl-»iibauer,  p.  408. 

*  BaiMiiatiu  and  Udriosky,  Zeltschr.  f.  pbyslol.  Chetn.,  Bd.  18  :  Btadthagen  and  Brie- 
gor.  Vfrebow'B  Arch.,  Bd.  113, 

«  SudlhAgen.  Zeltschr.  f.  kiln.  Mod..  Bd.  15  :  Beck.  Pllager's  Arch..  Bd.  71 :  t.  d. 
Bergh.  Zeltscb.  f.  ktln.  Med.,  Bd.  86. 

•  Zeitschr.  (.  pbyslol.  Clicm.,  Bd.  7. 
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The  qnestion  u  to  whether  a  p&rt  of  the  chlorine  contained  in  the  nrine 
ezistft  aa  organic  combinatious,  as  cousidcred  by  Bsklioz  aud  Lepinois,  i« 
still  (Jiaptited.' 

The  quantity  of  chlorine  combioationB  ia  the  urine  is  subject  to  coa- 
siderable  Tari&tioii.  lu  general  the  quantity  for  a  healthy  adnlt  on  a  mixed 
diet  IB  10-ir>  gruis.  NuC'l  per  34  lioiirtj,  Tlie  quiuitity  of  common  salt  in 
the  urine  depends  chieHy  upon  the  quantity  of  salt  in  the  food,  with  which 
the  elimination  of  chlorine  increaaea  and  decrea^ea.  The  free  drinking  of 
water  also  increases  the  eliminnbion  of  chlorine,  which  ia  greater  during 
BCtirity  than  daring  rest  (at  night).  Certain  organic  chlorine  comhina- 
tione,  Biich  as  chloroform,  may  increase  the  elimioatioQ  of  inorgauic 
chlorides  by  the  urine  (Zki.i.kk,  Kast'). 

In  diarrhcpu,  in  quick  formation,  of  large  transudations  and  oxadationa, 
also  ill  (Specially  marked  cosea  of  acnle  febrile  diaeases  at  the  time  of  llic 
crieia,  the  diminution  of  common  salt  ia  materially  decreased.  The 
elimination  is  abnormally  inci'eased  in  the  firet  days  after  the  criais  and 
daring  the  abeorjition  of  extenaire  exuflationa.  A  diminished  elimination 
of  chlorine  is  fourid  in  disturbed  absorption  in  the  atomnch  and  luteetine  ia 
aneemia,  -B-here,  according  to  MoBACZEweKi,*  a  chlorine  rbtention  in  the 
blood  takes  place,  and  in  acnte  and  chronic  diseafies  of  the  kidiicvs  accom- 
panied with  uihuminuritt.  In  chronic  diseaaoB  the  elimination  of  chlorioe 
in  genorul  keepa  pace  with  the  nutritive  condition  of  the  body  and  the 
activity  of  the  excretion  of  the  nri]ie.  As  nnder  physiological  condition* 
the  quantity  of  common  efilt  taken  with  the  food  has  the  greatest  inflneon 
on  the  elimination  of  XaCl  in  diaeiLso. 

The  quanfitiifive  eftivntdmi  of  chiurvne  in  urine  ia  most  simply  per- 
formed by  titration  with  eilver-nitrate  eolation.  The  urine  must  not 
contain  cither  proteid  (which  if  present  must  be  removed  by  coa^latiooi 
or  iodine  or  bromine  compounds. 

Ill  the  pmeoee  nf  lirumltU-s  or  iudidcs  eTanoralti  a  nieasured  qiinnlity  of  tbc  urine 
1o  (tiyuesA,  fuse  tlie  residue  with  saltpetre  anu  s^kIh.  (iig^olve  ilie  fused  mvs  tii  valN, 
nnd  ri-move  lliu  iutLiiiu  nr  linimiiic  by  lliv  ntlilitloii  i>f  ililiili:  si)l[iliuric  tu^id  and  tnau 
Dilriti'.  nnri  itxirotiglily  ■Imkc  niili  I'nr'LKiii  ilUulpliidc.  The  llqui<l  tlitiA  tibteined  ntaj' 
HOW  bp  iltrnu'it  with  silver  nitrult!  unconliiiii  Ui  Voi.u&Kl>'tt  nitlli-  d.  Tbc  (iimiiiiiy  of 
broiiiidcor  in^Udc  is  rnlculntcd  as  tbc  dlff'-rencc  beiwe«ii  theqwanilty  t-f  silver- nli'raie 
soliKiiin  iisi'd  fitr  tlie  liimtidii  of  lli«  (i>nluti<jii  «>r  Ibc  fused  mast  aud  tbe  quanlilj:  osnl 
for  the  corrtupoiidtiiK  volume  uf  the  originnl  nrine. 

The  otherwiae  excellent  titration  method  of  Moiir,  according  to  which 
we  titrate  with  silver  nitrate  in  iientnd  tiqiiida,  using  neutral  potassium 
chromate  as  an  indicator,  cannot  bs  used  directly  on  the  nrine  in  careful 
work.  Organic  nrinnry  conBtitnenta  ure  aho  precipit^teil  by  the  silver  salt, 
and  the  results  are  therefore  somewhat  high  for  the  chlorine.    If  we  wish  to 


>  Berlioz  and  Leplonis,  see  Chctn.  Cenlrslbl .  1804 :  Bd.  1.  and  ISfiS,  Bd.  1 :  ate 
Petil  nod  Terml.  ihid..  18M,  Hd,  2.  and  Vilali.  ibul..  mn.  Bd.  2. 
•  Zfller,  Zellschr.  f.  pbysiyl.  Chctn..  Bd.  8 ;  Kast.  <W..  Bd.  1 1. 
■  Vtrcbow'a  Arcti..  Bdd.  1%  and  146. 
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use  this  metliod,  the  organic  urinary  constitueats  mnst  first  be  destroyej. 
For  this  pnrpoeo  era|iorate  to  ilryness  .>-in  c.o.  of  the  urine,  after  the 
luJditiou  ol  1  grni.  of  chluriiie-Cree  suilii  unii  l-'-J  grma.  cblorino-freu  salt- 
petre, atui  carefnilv  fuee.  The  iiioes  is  dissulreil  in  water,  iiciilitied  faintly 
with  nitric  acid,  and  then  Doncriilizod  exactly  with  pure  lime  carhunate. 
This  neatml  solutiou  ia  used  for  the  titration. 

The  silrer-nitrate  Bolutioii  may  be  a  '—  solntion.     It  is  often  mude  of 

LUOh  n  Btrength  that  each  c.c.  c^nrr^spotidti  to  O.OOS  grm.  CI  or  O.OI  grm. 

'n»Cl.     This  luBt-mentioned  solution  containa  MD.OTS  grms.   AgNO,   iu 
1  litre. 

X''reun'»  and  ToivPFrr.  as  well  as  ItQcTKiiK,'  hare  suggeiiCed  moJifica- 
tiona  of  Moiiii's  method. 

VuLHAHu's  Mki'I{Oi>.  iDstead  of  the  preceding  determiaation,  Vol- 
haudV  method,  which  can  he  performed  directly  on  tho  urine,  may  he 
employed.  The  principle  is  as  followa:  All  ttie  chlorine  from  the  nrine 
aciililieil  with  nitric  acid  is  prccipitiited  hy  an  excei^a  of  nilver  nitrate, 
filtered,  and  in  a  nieasnred  p»rt  of  the  filtrate  the  qciantity  of  eiWer  added 
in  excess  'm  determined  by  nieani  of  a  sulphocyanide  eolntion.  This  excess 
of  silvor  ia  completely  precipitated  hy  the  sulphocyaniile,  and  a  solution  of 
Bome  ferric  salt,  which,  as  is  well  known,  gives  a  blood-red  reaction  with 
the  smallBst  i|niintity  of  Bidphot^yanide,  is  used  aa  iiii  indicatur. 

We  reqnire  the  following  solutions  for  this  titration:  1.  A  silrer-nitrate 
solntion  which  contaius  ijli.075  grms.  A<;NO,  per  litre  and  of  which  each 
c.c.  corresponds  to  0.01  grni.  NaOl  or  O.00fj07  grm.  CI;  'i.  A  saturated 
solution  at  the  ortlinary  temperature  of  chlorine-free  iron  aln:n  or  ferric 
salplmte;  3.  Ohlorine-free  nitric  acid  uf  a  Kpecilio  gravity  of  1.2;  4.  A 
potasaiani'Sulphocyauide  solution  which  contains  8.3  gnn^.  KCNS  per  litre, 
and  of  which  '2  o.c.  corresponds  to  1  c.o.  of  tho  Bilver-nltmte  solution. 

Al'oiil  0  grms.  of  poiaiultim  8iil]>1iocy&tiI(Io  are  cI!imo17(k1  (n  wnt«r  ntu)  diluted  lo 
(inc  liiru.  Tli«  (iuhdUI}'  of  KCNS4  LOuIaiDtil  in  tliis  snlutuici  U  tie teiin hied  by  tbe  Mlver- 
lillniv  S'llutioii  in  ihc  ruliiiwfui;  way  :  Meii»uri.'  Ltxiiitly  10  c.  c.  of  tlie  dllver  miIuUou  nnd 
treat  will)  ^  c.  c.  of  nitric  tu-iil  and  1-2  c.  r.  of  ll^v  fcrric-siilt  tolution.  iiikI  dilute  wit)i 
wbUt  lo  Bbonl  100  r.  c.  Now  lti»  Ktilitliocyiinidc  luiluttun  \»  iidilvd  rn>ui  n  liiii-ctlc.  roti- 
stsDtly  siirring.  until  a  permftiienl  faint  red  coloration  of  iLo  liquid  takoa  place.  The 
quatitity  of  Eiflpiiucj-ntiidn  found  iu  ilie  »uliilk>n  l)y  IIjU  itieaiit  JuiIiaiteK  liiiw  niucli  it 
mit.tt  he  diluted  to  lie  of  iho  propur  slrcti^jth.  Titrnic  once  iiiort-  witli  10  c.  c.  Aj;NO» 
Solution  and  corrvct  tlx-  snIpliocyaDide  aoliuiou  by  tlic  careful  addition  of  water  uDlil 
to  c,  c  exactly  corrcsijomls  Co  10  c.  r.  of  llm  oilvcr  solutiuu. 

The  determination  of  the  chlorine  in  the  urine  is  performed  by  this 
method  in  tho  following  way:  Exactly  10  c.c.  of  the  orine  is  placed  in  a 
flask  which  has  a  mark  corresponding  to  lUO  c.c;  5  c.c.  nitric  acid  is 
added;  dilute  with  abrtut  /jO  c.o.  water,  and  then  allow  exactly  20  c.c.  of 
the  silrer-nitrate  solution  to  How  in.  Clo^o  tlie  tlask  with  the  thnmb  and 
shake  well,  slide  off  the  thninh  ami  wiuth  it  with  distilled  water  into  tlie 
fluk,  and  till  the  flask  to  the  lOU-c.c.  mark  with  distilled  water.  Close 
aeiun  with  the  thumh,  cnrefnily  mix  hy  shaking,  and  filter  through  a  dry 
filter.  Measure  ofT  50  c.c.  of  the  hltrato  hy  means  of  a  dry  pipette,  add 
3  C.C  ferric-salt  solntion,  and  allow  the  snlphocyauide  solution  to  flow  in 

'  Freiiiid  and  Toeiifer,  sea  JUaly's  Jaiiresbiir.,  Bd.  Sa ;  Btkltlter,  Znllscbr.  f.  pliydol. 
Chem.,  Ud.  3C. 
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until  tlie  liqnifl  abore  the  precipitate  has  a  i^crmaneut  red  color.  The  oi 
dilution  is  Tery  ainiple.  For  example,  if  -l.G  c.c.  of  the  enlphocTuoide 
solution  WM  iieceKsary  to  prodnce  the  final  reaction,  then  for  100  c.c.  of 
tho  flltrate  (=  10  o.c.  urine)  9.2  c.c.  of  this  solation  ia  neceesarj. 
9.3  c.c.  of  the  BDlphocyanide  solution  corresponds  to  4.6  c.c.  of  theailrer 
eolntion,  and  since  20  —  4.G  =  \hA  c.c.  of  the  silver  solution  was  neces- 
sary to  completely  precipitate  the  chlorides  in  10  c.c.  of  the  urine,  then 
10  c.c.  contains  0.164  grm.  XaCl.  The  quantity  of  sodinm  chloride  in  the 
urine  is  therefore  I.54<<  or  15. 4"/%.  If  we  always  nse  10  c.c.  for  the 
determination,  imd  always  20  c.c.  AgNO,,  and  dilute  with  water  to  100 
C.C.,  we  tind  the  qnantity  of  KaCI  in  1000  parts  of  the  nriue  by  snhtracting 
the  number  of  c.c.  of  .iiilptiocvanldu  (H)  required  with  fiO  c.c.  of  the  filtrate 
from  20.     The  quantity  of  \aCl  p.  m.  is  therefore  nnder  thes«  circam- 

stances  =  20  —  K,  and  the  percentage  of  NaCI  =  — — - — . 

The  approximate  estimation  of  chlorme  in  the  urine  (which  mast  bs 
free  from  protoid)  is  made  by  strongly  acidifying  with  nitric  acid  and  then 
adding  to  it,  drop  by  drop,  a  concentrated  silver-nitrate  solution  (1  :  8). 
In  a  normiil  quantity  of  obloriiies  the  drop  sinks  to  the  bottom  aa  a  rather 
compftct  cheeBv  lump.  In  diminished  quantities  of  chlorides  the  pr^c'pitnte 
is  less  compact  imd  coherent,  and  in  the  presence  of  very  little  clilorine  ■ 
fine  white  precipitato  or  only  a  clondiness  or  opalescence  is  obtained. 

Phosphates,  rhusphnric  acid  occur!)  in  Hcid  urines  partly  as  double-acid, 
MH,i'0,,  and  partly  as  simple-ncid,  M, 111*0,,  phosphates,  both  of  which 
znay  be  found  in  acid  urines  at  the  stmie  time.  On'  found  that  on  on 
aremge  M\%  of  the  total  phosphoric  acid  was  dotible-  and  40^  wits  ^rniple- 
acid  phosphate.  The  total  quaotity  of  pboBphorrc  acid  is  rery  variablt''  and 
depends  on  tlie  kind  and  the  quantity  of  food.  The  average  quantity  of 
P,0,  is  in  round  UTiiidiers  2.5  grate.,  witli  a  variation  of  1-5  grms.,  per 
day.  A  small  part  of  the  phosphoric  acid  of  the  urine  originates  from 
the  burning  of  organic  compouods,  nacleiu,  protagon,  and  lecithin,  within 
the  organism;  on  exclusive  feeding  with  Bubstauces  rich  in  nacleio  or 
pseadonnclein  the  quantity  of  phosphates  is  es.3cnti&Uy  increased.'  The 
greater  part  originates  from  the  phosphates  of  the  food^  and  the  qnantity  of 
eliminated  phosphoric  acid  is  greater  when  tho  food  is  rich  in  alkali  phoB- 
phatcB  in  prnfiortion  to  tiie  qtmntitv  uf  lime  and  magnesia  phosphatea-  If 
the  food  contains  much  lime  and  magnesia,  large  quantities  of  earthy  phos- 
phates are  elioiiimted  by  the  excrement;  and  even  though  the  food  contains 
coueiflenilile  amounts  of  phosphoric  acid  in  these  cases,  the  quantity  of 
phosphoric  acid  in  the  nrine  is  small.  Such  a  condition  is  found  in 
herbirora,  whoso  urine  is  habitiinlly  poor  in  phosphates.  The  extent  of  the 
elimination  of  phosphoric  acid  hy  the  urine  depends  not  only  upon  the  total 

'  Zriiscbr.  (.  pliy«li>I.  Clieiii..  Bd.  10. 

•  Sec  A.  GiiiiiHcli.  ZrilRclir  f.  |ilij-t*Uil.  Cliem  .  Bd.  18 ;  Roos.  ibid  ,  Bd.  21  .  Wdfl- 
truuf],  Du  Bols-lti-yiDDnd'fl  ArcU.,  iStfS  -,  Milroy  and  Ualcolm,  Jouni,  of  Pbyelol.,  ToL 
S<3;  KObniHaii  auJ  SldoIiK,  PUUKCf'"  Arcb  .  Bd.  7S. 
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qaanttty  of  phosphoric  acid  in  the  food,  bnt  aUo  npon  the  relative  amoDDta 
of  alkaline  enrthrt  and  tlie  alkali  ruUs  in  Uie  food.  According  to  Paeysz, 
Olsavszky,  Kli'ii,  aod  I.  MrxK  '  the  elimination  of  pliosphoric  acii]  is 
considerably  increased  bj  intense  mnscular  M-orb. 

Ab  tl.e  extent  of  tti^  elimination  of  phoeplioric  acid  ig  iiiostlj  dependent 
npon  the  character  of  the  food  and  tlic  absorption  of  the  pliogphales  in  ttie 
intestine,  it  is  apparent  that  the  relationship  between  the  nitrogen  and 
the  phosphoric  acid  in  the  urine  can  onlr  be  upproiimatiety  constant  with 
a  cerltiio  uniform  food.  Thus  on  feeding  with  an  exolusively  meat  diet,  as 
observed  by  Voir'  in  doga,  when  the  nitrogen  and  phosphorio  acid  (P,0,) 
of  the  foo4l  exactly  reappeared  in  the  urine  and  fiec-es  the  relationship  was 
^.\  :  1.  In  starvation  this  relationship  is  changed,  namely,  relatively  more 
phosphoric  acid  is  eliminated,  which  seems  to  indicate  that  besides  flesh  and 
related  tliisues  another  tissue  rich  in  plio^^phoriis  is  largely  destroyed.  The 
starvation  experiments  show  that  this  is  the  bone-tisane. 

Little  is  known  positively  in  regani  to  the  olimlnation  of  phoephoric 
acid  in  disease.  vVs  shown  by  sevemi  observers,  in  febrile  diseases  the 
qnantity  of  phosphoric  acid  as  compared  with  the  nitrogen  is  conaiderablj 
decreased,  which  is  perhaps  dne  to  n  retention  of  the  phosphates  in  fevers.* 
In  diseases  of  the  kidneys  the  activity  of  these  organs  in  eliminating  the 
phospliates  may  be  conaidenibly  diminished  (FLBisritEit').  The  (jitantitj 
of  phosphoric  acid  eliminAted  is  increased  in  meningitis,  diabetes  mellitos, 
in  increased  destrnction  of  tissue^i  rich  in  nuclein,  also  in  acnte  phosphortis- 
poisoning  and  in  />/iospfui(e  tiiabfta.  The  stHtemente  in  regard  to  the 
quantity  of  plioapliate  in  the  nrino  in  rachitis  and  in  osteomalacia  are  some- 
what contradictory. 

Quantita/ir«  Estimation  of  the  Total  Phoephoric  Acid  in  the  Vrine.  This 
estimation  in  most  stiiipty  performed  by  titrating  with  a  solution  of  uranium 
acetate.  I^he  principle  of  the  titration  is  as  follows:  A  warm  solution  of 
phosphates  containing  free  acetic  acid  gives  a  wiiiLisli-yelbw  precipitate  of 
unirnuni  phosphate  with  a  solntion  of  a  nraninm  salt.  This  precipitate  is 
insoluble  in  acetic  acid,  but  dissolves  in  mineral  acids,  and  on  this  acconnt 
there  i-t  always  mldM,  in  titrating,  a  certain  <[nantity  of  sodiutn-ucotate  solu- 
tion. Potaseiiim  ferrocyanide  is  used  as  the  indicator,  which  does  not  act  on 
the  iiraniiim'pliosphale  precipitate,  but  gives  a  reddish-hr^wn  precipitate  or 
coloration  in  the  presence  of  the  smallest  amonnt  of  soluble  uranium  salt. 
Tho  Bolntions  necoasary  for  the  titration  are:  1.  A  solution  of  a  nraninm 
salt  of  which  each  c.c.  corresponds  to  0.005  grm.  P,(),  and  which  contains 
20.3  grms.  araniiim  oxide  per  litre.     20  c.c.  of  this  Bolutiou  corrosponda  to 

■  Prejrsx,  aee  Haly's  Juhreaber..  BU.  81 ;  OlwvMzliy  uiil  King.  PtiUger'K  Arch.,  Bd. 
M  ;  Miirik.  Dtt  Bois  Reymond  s  Arch..  1S95. 

*  PliyR]rili)gie  des  AU^cmdueti  SloffwvcbEclfi  uod  der  KruObruni;  ia  L.  UermuiD'a 
Haiuibucb.  Bd.  6.  TbI.  1.  S.  '9 

■  8ce  Hem  PtccI  Miid  Brrnascooi.  Maly's  JAbrcttwr,.  Bd.  24,  8.  074. 
«  DeaiKli.  Arcb.  f.  kiln.  HeiL,  Bd.  SO. 
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0.100  grm.  P,0».    2.  A  solaiion  of  sodium  acetate.    3.  A  freshly  prcpand^ 
solution  of  potosBinm  ferrocyanide. 

The  iirafiiiiiii  BoIiui^M  fa  prepared  from  iirniiiitTn  nitrate  nrnrctale.  Utenlve  alioat 
35  grmi.  urADJum  acciaic  iQ  naicr,  add  Bome  ftcn-ilc  licld  to  ftcilitulc  eohitkia.  atid  ililute 
to  OEie  Ulve  Ttic  siri-ngUi  of  this  salulir>ii  is  ilpicrmimd  iiy  utraiing  witli  s  Miliitlnii  nr 
•Diliuiu  pliosplinte  of  knnwn  atrcngtli  (10  08>^  griiift.  cryglnUixt^tl  wlIi  in  1  lllr«,  w  lifa'li  VOT- 
xv»\wuAi  t>t  0.100  gun.  P^^CK  in  50  c.  c).  PruCfi^'d  in  tbo  same  way  tu  Jn  tlie  (hntliori  of 
tlie  urine  («*€  lielowj.  anil  rnrrpct  the  solution  l>y  fiiliilitig  wIlli  •wnter.  nni)  lilnilc  nj^ln 
unlll  20  c.  c.  of  tlic  iirftDium  ttcluiion  corrCt>[>uiiil9  vxaclly  10  60  c.  r.  of  tbe  ittwve  pliiu- 
|ibuU*  8u1uiion. 

Tlic  so^liuTD'Uccitilc  solution  ibould  coDlaio  10  fjins.  sodium  acetate  and  10  grmi. 
CDDC.  Bcvlic  ncid  in  100  c.  c.  For  «acb  titralioQ  6  c  c.  of  Ibis  solulioo  is  used  willi  90 
c.  c.  of  ilic  urine. 


In  |ierforniing  the  titration,  mix  dd  c.c.  of  filterad  uriue  In  a  beaker 
with  6  c.c.  of  the  soditini  acetate,  cover  tho  beaker  with  u  watch-glofis,  and 
warm  over  the  waler-hath.  Then  allow  the  nrHnitun  solution  to  flow  in 
from  a  burette,  and,  vrlien  the  precipitate  does  not  seem  to  increase,  place 
Q  drop  of  the  mixture  on  n.  porcelain  plate  with  a  drop  of  the  potjiBsium- 
ferrocjaiiide  solution.  If  the  amount  of  nranium  solution  emjiloyei]  is  not 
liiiUicieut,  tbo  color  remains  pale  yellow  and  more  uranium  solution  niUBt  be 
adtlcil;  hut  aa  soon  iis  tho  Bllghteat  excctw  of  nraniam  solntion  Iibb  been 
used  the  color  becomes  fiiiut  reddish  brown.  Wlieu  this  point  has  been 
ohtAined,  warm  the  solution  again  and  add  another  drop.  If  the  color 
remains  of  tho  same  intensity,  the  titration  is  ended;  bnt  if  the  color  rariee, 
add  more  tiranium  solution,  drop  by  drop,  until  a  permanent  coloration  is 
ohtuinod  after  warming,  and  now  repeat  the  test  with  another  50  c.c.  of  the 
urine.  The  calculation  ib  so  simple  that  it  is  tmuecessarj  to  give  an 
example. 

In  the  above  manner  wo  determine  the  total  quantity  of  phosphoric  acid 
Ml  the  uriiHi.  If  wo  wish  to  know  the  jihospnoric  acid  combined  with 
alkaline  earths  or  witli  alkalies,  we  first  determine  tho  total  plioephoric  acid 
in  a  portion  of  the  urine  and  tlien  remove  the  earthy  phosphates  in  another 
portion  by  ammonia.  The  precipitate  is  collected  on  a  filter,  washed, 
transferred  in  a  beaker  with  water,  treated  with  acetic  acid,  and  dissolred 
by  warming.  This  solution  is  now  dilated  to  50  c.c.  with  water,  and  5  c.c. 
sodium-Jicetttte  solution  added,  and  titrated  with  nrauitim  Bolntion.  The 
difference  between  tlie  two  deterniiniitions  gives  the  quantity  of  phoephorio 
acid  combined  wiih  Ihe  alkalies.  The  results  obtained  are  not  quite 
accurate,  us  u  partial  transformntion  of  the  monophoephates  of  the  alkaline 
earths  and  also  calcium  diphosphate  into  triphosphates  of  the  alkaline  eartlia 
und  anmiouiuni  pliosphato  takes  place  on  precipitating  with  ammonia, 
which  girea  too  high  results  for  the  plios)>horic  ociu  combined  with  alkalies 
remaining  in  pohition. 

Delennination  of  Acidity  of  the  Urine.  As  previonsly  renuu-ked,  w» 
consider  the  quantity  of  phosphoric  acid  as  double-ucid  salts  as  a  measore 
of  the  degree  of  acidity  of  the  urine.  This  may  bo  determinod  hy  titmtioj 
with  uranium  .lolntion  in  the  filtrate  after  the  precipitation  of  the  mono- 
acid  salts  by  barium  chloride.  If  the  total  jihnsphonc  acid  has  l«en  drt**^ 
mined  in  another  portion  of  the  urine  by  titration,  the  quantity  of  pline* 
phoric  acid  as  uiono*aoid  phosphates  is  found  in  the  difference  between  these 
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two  resalts.     The  dAtermioation  is  jwrformed,  according  to  FRBtjyo  and 
LiEBLEiK,'  aa  follows: 

The  total  phosphoric  acid  is  firet  determined  in  the  nrlnc,  Then 
75  c.c.  of  the  ariiie  ia  treated  with  euough  normal  barium-chlnride  boIu- 
liou  (I3'i  grrn.  Bad,, 'ill, 0  in  lOUO  c.c.  water)  to  mubo  the  vohnno  measore 
90  c.c.  This  is  shaken,  filtered  until  a  clear  iiltrats  \s  obtained  when  (>0  c.c. 
(=  50  c.c.  of  the  urine)  is  meuiiiired  oil  and  the  phosphoric  acid  deter- 
mined by  uraninm  fiolution.  The  reeiilta  are  not  quit«  exact,  as  in  the 
precipitation  of  the  nrino  with  llaC!,  abont  'ii  of  the  phosphoric  acid  of  the 
mono-acid  aults  remain  in  solution  as  dl-acid  salt«,  and  lience  a  correspond- 
iog  correction  must  be  made.  Aa  one  third  of  the  phosphoric  acid  of  the 
di-acid  phosphate  is  united  wiih  fixed  bases,  Libblkcn  is  of  the  opinion 
that  in  calonlating  the  acidity  of  a  nrine  only  two  tliirds  of  tliia  phosplioric 
acid  ta  to  be  ascribed  thereto.  Other  methods  hare  been  suggested  by 
Freusd  and  Tokvpek  and  v.  Jagee. 

Sulphates.  1'liu  sulphuric  acid  of  the  nrine  originates  o'.i1y  to  a  Tcry 
small  exteut  from  the  sulphates  of  the  food,  A  disproportionately  greater 
part  is  formed  by  the  burning  of  the  proteids  containing  sulphur  within 
tlio  bodv,  and  it  is  cliieflv  this  forniittion  of  sulpluiric  acid  from  tlio  pmieids 
which  gives  rise  to  the  previously  mentioned  excess  of  acids  over  the  hoses 
in  the  ariae.  The  qnantity  of  sulphuric  acid  eliminated  by  the  nrine 
amounts  to  abont  3.5  grms.  H.RO^  jier  duy.  Xa  tlie  milphuric  acid 
ohielly  originates  from  the  proteids,  it  follows  that  the  elimination  of  sul- 
phnric  acid  and  the  elimination  of  nitrogen  are  nearly  parallel,  and  the 
relntioDBliip  N  :  H,SO,  is  about  5  :  1.  A  complete  jiamllelisii)  can  hardly 
bo  expected,  a^  in  the  first  place  a  part  of  the  sulphur  is  always  eliininnted 
AS  neutral  snlpbnr,  and  secondly  because  the  small  proportion  of  snlphtir  in 
different  protein  bodies  andorgoea  greater  variation  as  compared  with  the 
largo  proportion  of  nitrogen  contained  therein.  In  general  the  relationship 
between  the  elimination  of  nitrogen  and  snlphuric  acid  under  normal  and 
nnder  diseased  conilitiotis  runs  rather  parallel.  Sulphuric  iicid  occurs  in  the 
nrine  partly  preformeil  (Mulpliate-sulphnric  aeid)  and  partly  as  ethereid- 
salphnric  acid.  Tlie  first  iti  designated  as  A-  and  the  other  as  i?Hmlpharic 
acid. 

The  quantitif  of  total  sulphuric  acid  is  determined  in  the  following  way, 
but  at  the  same  time  the  precautious  described  in  other  works  mnat  be 
obeerrcd:  lUO  c.c.  of  filtered  nrine  is  treateil  with  6  c.c.  consent rutdl 
hydrochloric  acid  and  boiled  for  fifteen  minutes.  While  boiling  precipitate 
with  3  C.C.  of  a  saturated  Ha(.*I,  solution,  and  warm  for  a  little  while  nntil 
the  barium  enlphate  has  completely  settled.  The  precipitate  must  then  be 
washed  with  water  and  also  with  alcohol  and  etfier  (to  remove  rcsiaous 
substances),  and  then  trsated  according  to  the  usual  method. 

The  separate  determination  of  the  snlphate-snlphuric  acid  and  the 
elhtreal-snlphuric  acid  may  be  accomplislied,  according  to  Bal'm.\ns'8 

■  Freuoa.   Centrslbl.   t   il,   mud.   WUsctucli.,  180S,  S.  689;  LieblslD,  Zeilsvbr.  (. 
pbysloL  Obem..  Bd.  30;  Frcuod  and  Tocpfer.  ibUI..  Bd-  \9:  de  Jiigcr,  ibid..  M.ii. 


method,  by  fir^t  precipitating  the  gnlphace-salphtiric  licid  from  the  nrioe 
ociiiiliei]  witit  acetic  iicitl  by  HaCl  ,  tliou  docompoGing  the  etheretl- 
sulphiiric  acid  by  boiling  after  the  addition  of  hydrochloric  acid,  and  tben 
determiuiug  the  sulpburic  acid  set  Irw  tw  bariiiin  sulpbate.  A  still  better 
iiiKlltud  is  tbe  following,  suggoBted  by  Salkowski  ' : 

'.iOO  c.c.  of  uriuD  is  precipitated  by  an  ecjutil  volume  of  a  barinm  Bolatioa 
which  consists)  of  2  Tola,  barium  bydrnte  und  1  vol.  barium-chloride  boIq- 
tion,  botli  aatnrated  at  the  onlimiry  temperacnro.  Fitter  throngh  a  dry 
filter,  measure  oil  I<.K)  c.c.  of  the  fdtmte  which  contains  only  the  etbereal- 
aulphuric  acid,  treat  with  10  c.c.  hydrocbtoric  acid  of  a  aj>ecillc  gravity 
1.12,  boil  for  tiftcen  minutes,  and  tlion  warm  on  the  water-bath  uutil  tbe 
precipitate  has  completely  settled  and  tbe  supernatant  li<)uid  is  entirely 
clear.  Filter  aud  wash  with  warm  water,  and  with  alcohol  and  ether,  aod 
proceed  according  to  ttie  generally  prescriljed  method.  The  difference 
between  the  cChereal-Bulphuric  acid  found  and  the  total  quantity  of  salpburic 
acid  as  determined  in  a  special  portion  of  urine  is  taken  to  be  the  quantity 
of  sulphate-sulphuric  acid. 

yUiiite*  nrcur  fii  Binall  (|iiaiitft{Bfl  in  hiimAn  urine  iftrnuNBKiN),  nnd  tticy  probably 
orlg'inaic  from  ibc  drink  in  e-wmer  an  J  tlie  Tootl.  Arconllng  to  Wetl  nnd  Cirnoit'  Uie 
c|i]Hiitity  of  nilrai<?>  \a  dniaMcst  wilh  a  nii-al  diet  und  grcaicttt  with  TeKelalile  foot).  Tbe 
RTCi-Hu'C  ftiiiuiHit  it  iiliimt  43  ."V  Tndtljrrniiiiiu'-t  jwr  IHre. 

Fotaasiam  and  Sodium.  The  quantity  of  these  bodies  eliminated  by  the 
nrine  bv  »  healtiiy  fidl-grown  peraoti  on  a  mixed  diet  is,  according  to 
Salkowski,'  ;I-1  grme.  K,0  and  5-8  grms.  Na,0,  with  an  average  of 
about  %-'i  grma.  K^O  and  4-6  grms.  Na,0.  The  proportion  of  K  to  Nais 
onliiiurily  as  3  ;  5.  The  quantity  depends  above  all  npon  the  food.  Id 
starvation  the  urine  may  hecnmn  richer  in  pnlnssinm  than  in  sodinm,  which 
resnlta  from  the  lack  of  common  salt  aud  tlie  destruction  of  tissue  rich  tn 
potassium.  The  quantity  of  potogeium  may  be  relatively  increaaed  during 
fever,  while  after  Che  crisis  the  reverse  is  the  case. 

The  qnantitative  estimation  of  these  bodies  is  performed  by  the  gravi- 
metric methods  as  descriited  in  works  on  quantitative  analysts. 

Ammonia.  Somft  ammonia  is  habitually  found  in  human  nrine  and  io 
that  of  carnivora.  As  above  stated  (page  413),  this  ammonia  may  repre- 
sent, on  the  formation  of  nrea  from  ammonia,  tbe  small  amount  of 
ammonia  which,  becHue^  of  the  excess  of  acids  formed  by  tbe  conilmstioa, 
as  compared  with  the  tixed  alkalies,  is  united  with  such  acids,  nud  in  tlm 
way  is  excluded  from  the  synlbests  to  urea.  This  view  is  conBrmed  by  tb« 
observations  of  Con.^snA,  who  found  that  the  elimination  of  ammonia  wi* 
smaller  on  a  vegetable  diet  and  larger  on  a  rich  meat  diet  than  on  a 
mixed  diet.  On  a  mixed  diet  the  average  amount  of  ammonia  eliininatail 
by  the    urine  is  about  0.7  grm.   NH,  per  day   (Neibacer).     AU  tbe 
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'  Raumnnn.  ZeiUichr.  f.  pbysiol.  Cbeiu..  Bd  I  ;  SftlkowKki.  Virchow'*  An'h.,  Bd.  71 

•  SchCnbciii.  Joura.  f.  praki.  Cbcm..  Bd.  98 ;  Wi,-yl.  Vlrctiow'i  Arch..  Bd.  M,  with 
Citron,  ibid.,  Hd.  101. 
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ammonia  of  tiie  ttrine.  as  above  «Ut«(I,  'm  not  reprawnted  by  the  residas 
vhich  has  eltiHetl  syntliesis  into  urea  by  iientralizntion  by  acids,  becanse,  as 
flhowD  by  ST.ii>ELM.vxK  and  Becrmank,'  ammonia  is  eliminated  by  the 
urine  efeo  during  the  cuntluuons  administration  of  fixed  alkalies. 

Ammonia  exists  on  an  average  of  abotit  O.Oti  milligramme  in  100  c.c. 
human  blood,  and  in  dilTerent  ainoncits  in  all  the  tissufla  thus  far  Investi- 
gated.* Accordinji;  to  Nexcki  and  Zai^k^ki*  it  is  abundaatly  formed 
in  tlie  cells  of  the  digestive  ^^lands,  the  stomach,  tlie  pancreas,  and  the 
intestinal  mucosa  (of  dogs)  at  the  time  when  proteid  foods  are  being  digested 
and  transported  to  the  liver.  As  the  ammonia  introduced  in  the  liver 
is  transformed  into  nrea  (see  above),  we  can  ttierefore  expect  that  in 
certain  diseases  of  tlie  liver  an  Increased  elimination  of  ammonia  and  a 
decreased  elimination  of  nrea  will  occur,  [n  how  far  this  is  true  has 
alrc:uly  been  stated  (page  il5),  and  we  refer  to  the  researches  of  the  various 
authors  tlierc  cited. 

In  man  and  carniTora  the  elimination  of  ammonia  is  increased  by  the 
introduction  of  mineral  acids  and^  as  shown  by  Jolik,  also  by  snch  organic 
acids  as  beuzoic  acid,  which  are  not  destroyed  in  the  body,  act  in  a  similar 
manDor.  Tlie  ammonia  set  free  in  the  proteid  destrnctiuit  is  in  part  used 
in  the  neutralization  of  the  acids  introduced,  and  in  this  way  a  destructive 
abstraction  of  Uxed  allcajieii  is  prevented.  Herbivora,  on  the  contrary,  lack 
this  property  or  have  it  only  to  a  elight  extent  (WiNTuaHERd').  In  thera 
the  acids  introdnced  are  neutralized  by  fixed  alkalies;  hence  the  introdno- 
tion  of  mineral  acids  soon  causes  a  destructive  action  on  account  of  Che 
^>stnictton  of  alkalies. 

Acids  formed  in  the  destruction  of  prnteids  in  the  body  lurt  like  those 
introdnced  from  without  on  the  elimination  of  ammonia.  For  this  reason 
the  quantity  of  ammonia  in  human  and  carnivoral  'irine  is  increased  under 
each  conditions  and  in  such  diseases  where  an  increased  formation  of  acid 
takes  place  because  of  an  increased  metiibolism  of  protei  Is.  This  is  the  oaie 
with  lack  of  oxygen  in  fevers  and  diabetes.  In  the  hist-mencioned  disease 
organic  acids,  ^-oxybntyric  acid,  and  acelo-acetic  acid,  are  prodace<1  which 
pats  into  the  nrine  combined  with  ammoaia.' 


'  Corajida.  Arcli.  f.  exi>.  Pttlb.  u.   Pliaim.,  Btl.  13:   Sradclin&nD  [aud  BvckmniiD), 
"  EitiBiiu  tier  A.1kiill«ii  ftiif  clea  S(offne<')>«c1,"  i*t«.     6luugart,  1890, 
'  dee  »iilasklii,  Zttlscbr.  f.  pliyBiul.  Cbem.,  Bd-  25.  S.  449. 

*  Arcb.  (Il-4  BCieiico  bid.  cl«  St.  Feiersbtnirg-.  Tome  4.  sad  Sklaskln,  1.  c.  See  also 
Neuckt  and  Znle!iki,  Arrh.  t.  e\{t.  Piith.  ii.  PliKmi.,  Bd.  87. 

*  Jolin.  Skiind.  Arch.  f.  Pliyslol..  Bd.  t  :  Winlerlwrg.  Z«llscbr.  (.  plijtlol.  Cbem., 
Bil.  25.  Id  rcgiird  to  ttie  bolmvior  of  ammoolum  niltn  In  the  nidmal  \HM\y  see  Itumpf 
and  Eleiue,  Zeimchr.  f.  Binli)i;:e.  Bd,  34.  Dtid  Ibo  works  died  on  pt^  413. 

*  On  the  climlDutioa  of  nmmunia  la  disease  see  ihe  recent  work)  of  Kumpf,  Vtrcbow's 
Arcb..  Bd.  143;  Iiall«rvord«u,  ibid. 
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The  detection  and  quantitative  estimation  of  ammonia  ia  porformecl 

generally  acconJiujj  to  the  method  8ii;;f;ested  by  ScHLoaiNis.    The  principle 

of  this  metiioil  in  ttmt  the  aniinoiiiu  from  »  nieiistired  amount  of  urine  is  eet 

free  bv  lime-water  in  a  closed  resael  and  absorbed  bj  a  mearared  amoant  of 

N 

—  snlpharic  acid.     After  the  absorption  of  the  ammonia  the  qnantilrf  Is 

determined  by  titrating  the  renmiuing  free  Bnlpbnric  aoid  vith  a  —  caaatic 

alkali  solntion.     This  method  gives  low  roeuItB,  and  iti  exact  work  we  most 

SrocaedoBsaggested  by  Uuulanp.  '    Other  inetliods  have  been  Bnggeatcd  b^ 
CnUFEDEBRRG  and  by  LATSCUBKnEUGER.* 

Calcium  and  magnesium  occur  in  the  urine  for  the  most  part  as  phos- 
phates. The  quantity  of  earthy  phosphates  eliminated  daily  is  somewhat 
more  than  1  gT.,  and  of  this  amount  J  is  magDeiium  and  i  calcium  pfaoe- 
phate.  In  acid  uriiios  the  simple-  as  well  as  the  doublo-acid  eartbjf 
phosphates  are  found,  and  the  eolnbility  of  the  first,  among  which  the 
calcium  salt  OallPO,  la  especially  insoluble,  is  particularly  angmented  by 
the  presence  of  doiible-acid  alkali  phosphate  and  sodium  chloride  in  the 
ariue  (Ott*).  The  quantity  of  alkallue  earths  in  the  nrine  depends  ou  the 
composition  of  the  food.  The  absorbed  lime  salts  are  in  great  part  precipi- 
tated ag:iin  in  the  intestine,  and  the  quantity  of  lime  s;dts  tn  the  urine  is 
therefore  no  measure  of  the  almorption  of  the  same.  The  inlrodactioo  of 
readily  soluble  lime  salts  or  the  addUiou  of  hydrochloric  acid  to  tbo  food 
may  therefore  cause  an  increase  in  the  quantity  of  lime  in  the  arine,  white 
the  rcversQ  takes  placo  on  adding  alkali  phosphate  to  the  food.  Nothing  is 
known  with  poaitireness  in  regard  to  the  constant  and  regular  change  in 
the  elimination  of  calcium  and  magnesium  salts  in  disease.  The  inoreaaed 
elimination  observed  in  diabetes  is  chielly  dependent  upon  au  increaaed 
ooDsumption  of  food  and  liquids  {Ten'bach  *). 

The  quantity  of  calcium  and  magnesium  Is  determined  according  to  tb« 

ordinary  well-kuowu  metfiods. 

Iron  OCCUV8  in  tli«  urioe  only  la  aninll  qu&otilies,  and.  u  U  seems  from  tlie  Invvstlft* 
Uons  of  RcNKSii..  0]ACO»A.  KoQEUT  mill  Ills  pupils,  ll  dora  DOl  exisi  As  a  atlt,  but  u  ao 
organic  combiiiBilon— in  pun  us  pii;;iiifiit  (^r  chromnj:i-ii.  Tin-  •naicmontt  in  regnni  w 
the  iron  prfSfoL  svi-in  lu  slmw  lljiu  lUe  qiiiiDtlly  t»<  wry  v.nrUble,  from  I  In  II  mllll- 
cramme?  per  tfire  of  iirint;  (Macinxku.  Uijtti.iku,  EnHEKTand  bU  pupils).  JuL.t.BS* 
fouiti;!  as  uu  nrcnigfi  for  Vi  [lorsans  H  mllligriimmes  irou  la  Zi  bours.     Tlie  quantity  of 


I 


Lat»cbeob«r^r,  Mooal* 


'  PHliffer'e  Arch..  Bd   48.  8.  82, 

*  Sclnuledebcri;.  Arcti.  f.  cxp,  Pftih.  u.  Pimrm.,  Bd.  7 
hcfte  f.  Clieni..  Bd.  5. 

■  Z«lt»cbr.  f.  plij-Biol.  Olem.,  Bd.  10. 
•Zclwplir.  r,  Biolngie.  B*].  S8. 

*  Kuukci.  clleil  from  Maly's  Juhresber..  Bd.  11;  Glftcosa.  iAid.,  Bd.  16;  Kobm. 
Arboiicii  dfs  plinrin.  Iiisiit,  v.w  l>orpal,  Bd.  7;  Magnicr,  Ber.  il.  ileutsch,  cIwib. 
QcsvlbcU..  Bd.  7;  Ootllleb,  Arch,  t  exp.  Path.  n.  Pbarm.,  Bd.  26;  JoBcb.  Zciticlir.  I 
anal.  Cb«m..  Bd.  86. 
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tiUeie  aeM  ii  ordlDnrily  staled  to  niuouiit  to  iibotit  O.OS  p.  m.     Tnuxs  of  AyAr'Offtn  per- 
fiiide  also  occur  lu  the  uiln«. 

The  ga»t»  of  tlio  urine  are  carbon  dioxide,  nitrogen,  and  traces  of 
oxygen.  The  qaantity  of  nitrogen  ia  not  quite  1  toI.  per  cent.  The 
cnrbon  dioxiilo  varies  conaiderably.  In  acid  urines  it  Ih  Imrdlj  one  half  as 
great  as  iti  neutral  or  alkaline  urinea. 


IT.  The  Quiiiitiiy  aucl  Quaiititativv  Composition  of 

Urine. 

A  direct  parUcipatioD  of  the  icidney  Bubstance  in  the  formation  of  the 
nrinary  coustitnents  is  proved  at  least  for  one  constituent  of  the  urine, 
namely,  liippnric  acid.  It  iti  hardly  to  be  doubted  that  the  kidneys  as  veil 
as  the  tJBsnes  generally  hare  a  certain  part  to  play  in  the  formation  c(  oUier 
urinary  conatitnents,  bnt  their  chief  task  coii»iHts  in  separating  and  remov- 
ing nrinary  constitaents  dissolved  in  the  blood  which  have  been  taken  up 
by  it  from  other  organs  and  tissaes. 

It  has  been  ehoirn  by  the  experiments  of  nomerons  investigators  that 
the  eliiniiiittioii  of  water  and  tho  remaining  urinary  coiistittient«  ia  not 
alone  produced  by  simple  difTnsion  and  liltration.'  It  is  generally  conceded 
that  the  nrinnry  excretion  is  caused  essentially  by  a  specific  activity  of 
the  cells  of  the  epithelium  of  tiio  urinary  passages,  the  procosaea  of  fil- 
tration and  diffusion  also  taking  piirt.  The  excretion  of  urine  in  man  and 
the  higher  aiiimala  ia  thought  to  proceed  about  as  follows:  The  water 
together  with  a  small  amount  of  the  salts  passes  Ihrongh  the  glomenili, 
vhile  the  chief  part  of  the  solide  is  secreted  by  the  epithelium  of  the 
nrinnry  jtaseageti.  A  secretion  of  solids  without  a  simultaneona  secretion 
of  water  is  not  possible,  and  therefore  a  part  of  the  water  must  be  secreted 
by  (he  epitlielinm-celU  of  the  nrinary  passages.  The  passage  of  the  greater 
part  of  the  watt^r  through  the  glomeruli  is  rather  generally  considered  as  a 
filtration  due  to  blood-pressure.  According  to  llEii>ESUiiy  the  thin  cell- 
layero  of  the  glomeruli  have  a  secretory  action. 

The  quantity  aiitl  coni]iO!4itinn  of  urine  are  liable  to  great  Tiiriation. 
The  circumstances  wliicli  under  physiological  conditions  exercise  a  great 
influence  are  the  following:  the  blood -pressure,  and  the  rapidity  of  the 
btood-cnrrcnt  in  tlie  glomeruli;  the  qnancity  of  itrinar}'  constituents, 
eejiecially  water  in  the  blood;  and,  lastly,  the  cotidition  of  the  secretory 
glandular  elements.  Above  all,  the  quantity  and  concentration  of  the  urine 
depend  on  the  eliniinatioD  of  water.  That  this  last  may  vary  with  the 
quantity  of  water  Iti  the  blood,  with  changed  blood-pressure,  and  with 
circalatory  conditions  Is  evident;  but  under  ordinary  circumstances  the 
quantity  of  water  eliminated  by  the  kidneys  depends  essentially  upon  the 

*  See  text-booki  or  physiulo^fy  ua  liiia  topic. 
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quantity  of  water  which  is  brought  to  them  by  the  blood,  or  which  le&vee 
the  body  by  other  exits.  Tbo  eUmiimtion  of  uriue  is  itiorease<l  by  drinkiag 
freely,  or  by  reducing  the  qtiaatity  of  water  otherwiee  removed;  hot  it 
is  decreased  by  a  dimiDished  iutroductioa  of  water,  or  by  a  greater  loss  of 
water  in  other  ways.  Ordinarily  in  mau  jiiat  as  mach  water  is  elimtnated 
by  the  kidneys  x\&  by  the  skin,  lungs,  and  iateiitiDe  together.  At  lower  tem- 
peratnres  and  in  moist  air,  since  tinder  these  conditions  the  elimination  of 
water  by  the  skin  is  dicninishod,  the  elimination  of  urine  may  be  oonsider- 
ably  increased.  Diminished  introduction  of  water  or  increaaed  elimixu- 
tion  of  water  by  other  means — aa  in  violent  diarrhoea  or  romiting,  or  in 
profuse  perspiration — greatly  dinnintshes  the  elitninatiou  of  urine.  For 
example,  the  urine  may  sink  aa  low  aa  fiOO— tOU  c.c.  per  day  in  intenae 
snmmcr-heat,  while  after  copions  dranghts  of  water  Uie  eliminatioQ  of 
3000  c.c.  of  nrine  has  been  observed  during  the  game  time.  The  quantity 
of  uriue  voided  in  the  course  of  24  hours  varies  considerably  from  day  to 
day,  the  average  being  ordinarily  ciJcnlated  aa  1500  c.c.  for  healthy  a^lalt 
men  and  1800  c.c.  for  women.  The  minimum  elimination  occurs  during 
the  early  morning,  between  2  aud  4  o'clock;  the  maximum,  ia  the  fint 
hours  after  waking  and  from  1-2  hours  after  a  meal. 

The  qnantity  of  solids  excreted  per  day  is  nearly  constant  even 
though  the  qnantity  of  arine  may  vary,  and  it  is  qnite  constant  when 
the  manner  of  living  is  regular.  Therefore  the  percentage  of  solids  Ib 
the  nrtno  is  natnrally  in  inverse  projrortion  to  the  'jnantity  of  urine. 
The  average  amount  of  solids  par  'l\  hours  is  calculated  a«  00  gnua. 
The  quantity  may  be  calculated  with  approximate  occaracj  by  means  of 
the  specific  gravity  if  the  second  and  third  decinmls  of  the  specific  gravitv 
be  multiplied  by  Haseb's  coefficient,  2.33.  The  product  gives  the 
umouut  of  solids  in  1000  c.c.  of  urine,  aud  il  the  quanti^  of  urine 
eliiTiiiiated  in  34  honr^  be  moAHured,  the  quantity  of  solids  in  24  boon 
may  be  easily  calculated.  For  example,  1050  c.c.  of  urine  of  a  speciSc 
gravity   1.021   was  eliminated  in   24  hours;    therefore   the  qnuiUty  of 

solids  eliminated  is  21  X  2-33  =  48.9,  and   *^'^^J^^  =  fil.35  gmu. 
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The  urine  in  this  case  contained  49.0  p.  m.  solids  and  51.35  gnns.  in  the 
daily  excretion. 

Those  bodies  which,  under  physiological  oouditions,  affect  the  deuity 
of  the  urine  are  common  salt  and  urea.  The  specific  gravity  of  the  fint  is 
2.15,  and  the  last  only  \.'i'l\  so  it  is  eaay  to  nnderatand,  when  the  relaUrs 
proportion  of  these  two  bodies  essentially  deviates  front  the  nnrnial,  why 
the  above  calculation  from  the  specific  gravity  is  not  e^act.  The  same  is 
the  caee  when  a  urine  poor  in  a  normal  constituent  contains  Ini^e  amonnU 
of  foreign  bodies,  such  as  albumin  or  sugar. 

As  above  stated,  the  percentage  of  solids  in  the  urine  generally  decreases 


I 
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with  a  greater  elimination,  and  a  very  coTisiderohle  excretion  of  arioe 
{polyuria)  has  tlierefore,  as  a  mle,  a  lower  i^pecilic  gravity.  An  important 
exception  to  thin  rolo  is  obserred  in  urine  containing  sogar  {lUabeies 
wdliiut),  in  which  tliore  is  a  copioas  excretion  of  a  very  high  specific 
gravit^r  due  to  the  sugar.  In  cattes  where  verj  little  urine  is  excreted 
{oliguria),  e.g.,  daring  profnse  perspiration,  in  diarrhcpa,  and  in  ferere, 
the  8[}ecillo  gravity  of  the  urine  is  as  a  rule  veij  high;  the  percentage  of 
6uli(l8  also  high  and  they  have  a  dark  color.  Sometimes,  ae*  for  rxample,  ia 
certain  casea  of  albuminuria,  the  urine  may  have  a  low  specitio  gravit; 
iiotwitliatHrifling  the  oligoria,  and  be  poor  in  eoliila  with  n  light  color. 

It  is  difficult  to  give  a  tabnlar  view  of  tl:e  oompoeition  of  uriuot  on 
account  of  its  variation.  For  certain  purposes  the  following  table  may-  be 
of  HOine  valne,  bnt  it  mnst  not  be  overiookcil  that  the  results  are  not  given 
for  1000  parts  of  urine,  but  only  approxltnute  figures  for  the  quantities  of 
the  moat  important  constitnentB  which  are  eliminated  in  the  coarse  of  24 
hours  in  a  qnaiitity  of  1500  c.o. 

Duly  quftoUl;  of  solids  =  60  grma. 


Organic  conslUuenl*  —  85  griuft. 

Urw 30.0«riii». 

Urlciclil 0.7    " 

Cti'iiiicitD 1.0   " 

HlppiiHc  RCld 0.7.   " 

Kciiiulaiiig  organic  bodiw. .    3.6     " 


Iiiorg«Qic  con*tltuent*  ^  45  grma. 

Sotliiiiii  clilui-i<ln  (N&CJ) ....  15.0  grmi. 

Siil|iimrU-  Bciit  aiibO«) 2.5  " 

Plio»)'liorlc  licifl(P,0») 3.5  •■ 

PotasU  (K,0) 8.3  " 

Aiuiii'iiiiii  (NJTi) 0.7  " 

Mitpiwfiln  (Mg(»  O.fi  " 

Link'  (CiiO) o.a  •' 

Huiiiiiiiiiii^  iuurgaalti  bodies.     0.3  " 


I  ITrine  contains  on  an  average  40  p.  m.  solids.     The  qnantity  of  uraa  is 

I       about  20  p.  m.,  and  common  salt  about  10  p.  m. 


V.  Casual  Urinary  CoiiHtltuentH. 


The  easnal  appearance  in  the  urine  of  medicines  or  of  urinar;  con- 
stituents resutting  from  the  introduction  of  foreign  subatnuces  into  the 
organism  is  of  pn-ctical  importance,  because  ftnch  coustitnents  may  interfere 
in  certain  urinary  investigations,  and  also  because  they  aflord  a  good  means 
of  determining  whether  certain  Bubitunce-i  have  Iwea  introduced  into  the 
organism  or  not.  From  this  point  of  view  a  few  of  theeii  bodies  will  be 
spoken  of  in  a  followinjt  secition  (on  the  pathological  nrinary  constituents). 
The  presence  of  these  foreign  bodies  in  the  urine  is  of  special  interest  in 
those  coses  in  which  they  serve  to  eluoicilate  the  cheniii;al  tmnsfomiations 
certain  substances  nndorgo  within  the  body.  As  inorganic  sabstancea 
generally  leave  the  body  unchanged,  the;  are  of  very  little  interest  from 
this  standpoint,  but  the  cliuugas  which  certain  organic  fiubstancea  undergo 
when  introduce<l  in'o  the  uiiimal  body  majr  be  studied  by  this  means  bo  far 
as  these  transformBtions  are  shown  by  the  nrine. 
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The  bodies  bolonging  to  tlie  fatty  series  undergo,  thongh  not  withont 
exceptions,  a  combustion  leading  towards  the  final  products  of  meU- 
boliBtn;  stJH,  oft«u  a  j;reater  or  emaller  part  of  the  body  iu  qucBtion  escapea 
oxidation  and  appears  imchaugod  iu  Uio  urine.  A  part  of  tbe  acids  beloDg- 
iag  to  tbia  series  wtiicli  are  otlLerwIse  buret  into  water  and  carbonatea  and 
render  the  urine  ueutrul  or  ulkuUue  may  act  iu  tlie  same  manner.  Tbe 
mlatiie  fatly  ttcitis  puor  in  carijcin  are  less  eiujily  oxidized  than  tbose  rich  ia 
carbon,  and  tbej  tlierefore  pass  iinobanged  into  the  unno  iti  large  anioaut«. 
Thia  is  especially  true  of  formic  and  acetic acida  (Sciiotten,  CtREiiANTand 
Qi.'iNg,L'AVU'),  Tbe  etateuiotktd  la  regard  to  oxalic  acid  are  contradictory. 
In  birds,  aooording  to  Oaolto  and  Qiunti,  it  is  not  oxidized.  In  manimais 
it  is  in  great  part  oxidized,  according  to  CiIL'nti,  while  Oaglio  and  PoHi. 
claim  that  it  U  indeittructlble.  In  human  beings  oxalic  acid  is  in  great  part 
oiidlz&li  according  to  Marfori  and  GirxTt.  Tartaric  acid  acts  differently, 
accordlog  to  Bkiox;  namely,  iu  dogs  tbe  Icetro-tartaricacid  is  nearly  entirely 
consumed,  while  a  tittle  more  tliun  7i>'.(-  of  dextro- tartaric  acid  is  burnt. 
Rocomic  acid  is  oxidized  to  a  etill  Ic^  extent  in  the  animal  body.  Succinic 
and  malic, acids  are  completely  combustible,  according  Co  Poiiu' 

The  acid  amides  appear  not  to  be  changed  in  tbe  boily  (Schi'LTzes  aud 
Kencki*).  a  sniiill  piirt  of  the  amith-acids  seems  indeed  to  be  eliminated 
unchanged,  but  otherwise  they  are,  as  stated  abore  (page  412}  for  leiicin, 
glycociiU,  and  uspartic  acid,  decomposed  within  the  body,  and  they  may 
therefore  ciiudc  an  increaBed  eliminutioD  of  urea.  Stircosin  (methylglyco- 
coll),  XII(<'1IJ.(:TI,.C001I,  also  perhaps  passes  in  small  part  into  the 
corresponding  n ram iito- acid,  tnethylhydantoic  acidy  NII,.CO.N(CH,). 
CHj.COOIl  (ScuL'LTZEN ').  Likewise  tauritiy  amldo-ethylenlphonic  acid, 
which  acta  aoniewbat  diflFerently  in  different  animals  (Sai.kowski  '),  passes 
in  human  beings,  at  least  iu  part,  into  the  corresponding  uramido-aeid, 
tmtrocarbamic  acid,  X11,.C'0.XII.C,II,.S0,.0H.  A  part  of  tbe  taurin  al»o 
appears  as  such  in  the  urine.  In  rabbits,  when  tanrin  is  introduced  iuto 
the  stomach  nearly  all  its  sulphur  appears  In  tbe  urine  as  sulphuric  and 
hyposnlphurous  acids.  After  subcntaneouB  injection  the  tanrin  appears 
again  in  great  part  unchanged  in  the  urine. 

'  Scliotlcn,  Zetuclir.  f.  physlol.  C^liem..  Bd.  7;  Ordfaanl  anil  Qiitnqnaud,  Compl. 
rend,,  Tomu  104. 

■GaglJo.  Arch.  f.  exp.  Pallt.  u.  Fliartn.,  Bd.  %%:  Gdmti,  Cbem.  CentnilbL.  lt»7. 
Btl.  'i  :  .MarfiiH,  3Ial;'s  Julirosber.,  Bd.  20  ;  Brioti.  ZelUcbr.  f.  phyiiol.  Clicm..  Bd.  35; 
Pobl.  Arcli.  f.  oxp.  Pftlh.  u.  Pbnrin.,  BiL  37.  where  a  tialemeot  u  to  tbe  iotcrmcilbic 
{>roditcU  of  llie  oxiilntion  »f  rati/  boilIiH  may  bn  fouud. 

»  ZtrtUcbr.  f.  Biwlvgie,  Dd.  8 

*  Bi-T.  il,  ileutsi'b.  cbem.  <je»cllacli.,  Btl  0.  Sec  nisn  Baumaon  nnd  t.  MeHng,  Aid., 
U<L.  t).  S.  5»l.  and  E.  Salkow«kl.  Zclucbr.  f.  phyaiul.  Cbem.,  BJ.  4.  S.  107. 

■  Ber.  d.  deutsch,  chom.  Oesvllsch.,  Bd.  8,  nnd  VfrrJiow's  Arcb.,  Bd.  88. 
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The  tiitrilest  iDchiding  hydrocyanic  acid,  paaa,  according  to  Laxo,  into 
mlphocyanide  combinations,  and  this  sulphocyanide  seems  to  originate  from 
the  Don-oxidizeil  sutpliur  of  the  proteids,  which  is  readily  split  oiT.  This 
snlphnr  can,  according  to  Pabcheles*  '  observations,  oonrert  the  cyan 
alkalies  readily  into  salphocyanides  in  alkaliDe  reaction  and  at  the  tempera- 
ture of  the  body. 

By  nftbsiitution  ttnth  halogeM  otherwise  readily  oxidiznhle  bodies  are 
converted  into  diOicnltly  oxidizable  ones.  While  the  aldehydes  are  readily 
and  completely  bnrni  like  the  primary  und  secondary  alcohola  of  the  fatty 
series,  the  halogen  substituted  aldehydeb  and  alcohols  are,  on  the  coutmry, 
diflicnltly  oxidizable.  The  halogen  anbatitiition  products  of  methane 
(chloroform,  iodoform,  and  bromoform)  are  at  least  in  part  burnt,  and  thi 
correspond  tug  alkali  combination  of  the  halogen  [Misses  into  the  nrine.* 

By  cotipling  vilh  fulpfmrir.  arid  the  otherwise  readily  oiidizable  i«i:ohotH 
may  be  guarded  against  combustion,  and  correspondingly  the  atttali  salt  of 
ethylsuiphnrir.  acid  is  not  burnt  in  the  body  (Salkowski  *). 

The  organic  ronthtuntious  containiug  tulphur  act  Bomewhtit  difTerently. 
According  tu  W.  Smith  the  snlphnr  of  the  thio  acids  like  thioglycolic  acid, 
Cn,.SII.COOTI,  is  in  jmrt  oxidized  to  suljihuric  acid,  and  according  to 
CoLnMAKN  ainiilothiolactic  aeid  (cvstein)  and  the  Riilphur  of  the  thio 
alcohols  (ethyl  mercaptans)  are  aUo  oxidized  into  aniphuric  acid.  On  the 
contrary,  ethylsnlphide,  8iil]>honic  and  sulpho  uclds  in  general  (Salkowski, 
Smith')  are  not  oxidized  into  siilpharic  acid.  Oxyetliyl«(i]j)honie  acid, 
II().i\II,.S(>,.OlI,  which  is  in  part  oxidize«l  to  sulphuric  iicid,  is  an 
exception  (Salkowski), 

CoHJvyation  irith  filtfniraniv  acid  occnn  in  certain  snbfltitated  alcoholi, 
alilehydes,  and  ketones  (?),  which  probably  first  pass  over  into  alcohols 
(Scndvik),  Chloral  hydrate,  C,C1,0II  +  11,0,  posseii,  after  it  has  been 
converted  into  trichlorethyl -alcohol  by  a  reduction,  into  a  Iwvogyrate  reduc- 
ing acid,  iirofhlornlir  arid  or  triohlorethyl-glyonTonio  acid,  C,C1,U,. 0,11,0, 
(Ml'scclcs  and  v.  MF.niNo*).  Trichhrbulyhakohol  and  butyUcbloral 
hydrate  also  jwse  into  trichlorbutyl-glycnronic  acid. 


'  Lung.  Arcli.  f.  exp.  Pntb.  ii   Plmnn.,  Bil.  84:  PhwUcIm.  ibid. 

*l4m  Hnruiiek  ftiid  OrUtnIlfr,  Berlin.  klii>.  WM-ticuscbr.  1B8S  ;  Zellpr.  7«jtachr.  f. 
pbyiiol.  Citcni,,  Bi[.  8;  Kmi.  (hid,.  Btl.  11 ;  BIdz,  Arcb.  (.  exp.  Patli.  u.  Pharm..  Dd. 
SS  ;  ZKliiilsni,  Mnly's  Jfthresbor.,  Bd.  33. 

*  Pdagei*  Arch..  Bd.  4. 

*  Hiiillh,  PlKlger'N  Arrli.,  Uild,  nS,  t&.  M.  luiil  7.e\\vhT.  f.  pbyalol.  Cbem,,  Bd.  17 ; 
Sttlkowtki.  Virchow's  Arcli.,  lid.  Hi  :  PllUger'A  Arch.,  Bd.  SO  -.  Ooldmana.  ZeUfCut.  t 
pliytlol   Clic-m.,  Hil.  0,  iiImi  Ilnuiimtm  nnil  Kiut.  ibid..  Bd.  14. 

'  Suiidvik.  Mttly'fl  Jjvbrest-er.,  Bd.  10;  Miisculua  And  v.  Hcrliig,  Ber.  d.  deiilscti. 
clicm.  Gcsellwli..  B'l.  8;  nWi  v  Mering,  iWil..  Bd,  15.  Zcltsctir.  t,  pbyslol.  Ctiem..  Bd. 
6 :  Kniz.  PfiUgci-a  Arcti..  Bdd.  38  and  93. 
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Tlie  aromatic  cDmbinationB '  jiabe,  m  far  as  ire  knov,  iato  the  nrine  as 
!WC!li  generalk  after  a,  j^reviotis  jiartial  oxidation  or  ofter  »  STnthesig  with 
oitier  bodies.  Tliat  the  benzol  ring  is  destroyed  ia  tbe  body  id  cerbiin 
c&ses  is  rerv  probable. 

Ttic  fact  that  benzol  may  be  oxidized  outside  of  the  body  into  carbon 
dioxide,  oxaHc  acid,  ami  volatile  fatty  acids  boa  been  known  for  a  long 
time;  and  as  in  these  cases  a  rupture  of  the  beuzol  ring  most  take  place,  so 
also,  it  must  be  admitted,  when  aromatic  substances  undergo  a  combustion 
in  the  aniuml  body  a  ruptnrc  of  tho  benzol  nucleus  witli  the  formation  of 
fatty  bodiee  must  first  take  place.  If  this  does  not  take  place,  then  tbe 
benzol  nnclous  is  eliminated  ivith  the  urine  as  an  aromatic  combination  of 
oue  kind  or  nnother.  As  ttie  difficultly  destroyoJ  benzol  nucleus  can  pro* 
tect  from  destruction  a  substance  belonging  to  tbe  fatty  scries  when  con- 
jugated with  it,  which  is  the  case  with  the  glycocoll  of  bippuric  acid,  it 
seems  also  thiit  tlie  aromatic  nucleus  itself  may  lie  proUct^iJ  fi-nm  destruc- 
tion in  the  organism  by  syntheses  with  other  bodies.  Theuromalic  ethereal- 
sulphuric  acids  arc  examples  of  this  kind. 

The  diflicalty  in  deciiliiig  whether  the  benzol  ring  itself  is  destroyed  in 
the  body  lies  in  the  fact  that  we  do  not  know  all  the  difTerent  aromatic 
transformation  products  which  may  be  produced  by  the  introdnction  of  any 
aromalJc  tiiilmtuncc  in  the  organism,  and  which  we  must  seek  f»r  in  the 
urine.  On  this  account  it  is  also  Impossible  to  learn  by  exact  qnantitatire 
determinations  whether  or  not  an  aromatic  suhxtaticd  introduced  or  absorbed 
appeurs  again  ni  its  entirety  in  the  urine.  Certain  observations  render  it 
probable  that  the  benzol  ring,  as  above  mentioned,  is  at  leaat  in  certain 
cases  destroyed  in  the  hotly.  S<.'H0TTEK,  JJacuan'S,  and  others  have  found 
that  certaiu  auiido-acids,  auch  m  ftfrosin,  pheitylfimitio-propwHic  acid,  and. 
amido-cinnamir  acid  when  introJuced  into  the-  body  cause  nu  increase  in 
the  quantity  of  known  aromatic  substances  in  the  urine;  this  makes  a 
destmction  of  these  amido-acids  in  the  animal  body  seem  probable. 
JirvALTA  also  made  an  experiment  on  dogs  yi\t[i  pktMii-  iteid,  and  found 
that  it  was  in  great  part  destroyed.  Tlie  benzol  deriratires  rarv  in 
behavior  according  to  the  position  of  the  substitution,  for  as  found  by 
R  Coax,*  among  the  di-ilerivates  the  ortho  compounds  are  more  readily 
destroyed  than  the  oorresponding  tneta-  or  iiara-oom]*ounds. 

An  oxidation  In  the  side  chain  of  aromatic  compounds  is  often  found, 
and  may  aUo  oocar  in  tbe  nucleus  itself.     Aa  an  example,  Itenzol  is  first 


'  Tn  Kcrorclniice  with  uiialom  wo  will  dlsctiss  uudt-T  Ibis  bttaiUnj^  tbe  homocyclir  u 
wrll  a^  itie  liciei'ircylic  com|x>ttDds. 

■  goh'»itt'ti.  Z<;1ui<;1ir.  t.  pliysiol.  Cli«iu.,  Bdd.  7  and  8;  Bantoaan,  I'Md.,  Bd.  10.  S. 
130.  Ill  ri-!;!ir<l  Hi  I  lie  beliiiviur  of  lyrcMia  te«  cspecinily  BicudcrmaQu.  ibid.,  Bd.  6: 
BcWucn.  ihid  .  Bd.  7  ;  Boiis,  if/id ,  Btl.  11  :  am)  R  Coliu,  ii»d.,  BJ.   14:  Junlta.  i^l.. 


Bd.  IS;  K  Cobo,  Und.,  Bd.  17. 
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oxiiliz«fl  to  ozjbenzol  (Schultzex  and  Xauktx),  &nd  thie  is  then  fnrLlier 
in  part  coarortcd  into  dioxybeuzoU  (Bal'manm  oiid  Pbel'sse).  yaphthalin 
appears  to  be  converted  iuto  oxynaphihalin^  aad  probably  n  part  nlso  into 
divJifnaphthnUn  (Lkrxik  and  M.  Nencki).  Tii«  liydrocarboiis  with  an 
amido  or  iniido  gronp  majr  also  be  oxidised  bj  a  substitution  of  hjdroxyl 
for  hjdrogeD,  especially  when  the  fonimtioii  of  a  derivative  with  the  para 
position  IB  posdille  (Klixgenukro).  For  example,  flni7m,  OjITj.NHj, 
puan  into  paraniidopbenol,  vhicli  pas&es  into  the  urine  hs  etljereal-sul- 
pboric  acid,  ll,N.C\Ii..0.80,.0li  (F.  Mullkii).  Afcfanilul  is  in  part 
converted  into  acetyl  paramldophenol  (Jakfe  and  IltuiKitT,  K.  ^Iurmeh), 
and  carbazol  into  oxycarbazo!  (Ki.i>'oenbkh(}  '). 

Ad  oxidation  of  the  eide  chaiu  may  occor  by  the  hyrlro(^eu  atoms  Wing 
replaced  by  hydroxyl  as  in  the  oxidation  of  indol  nntl  skntol  into  indoxyl 
and  gkatoxyl.  An  oxidation  of  tlie  side  chun  may  also  take  place  with  Uie 
formation  of  carboxyl ;  thna,  for  example,  hiuof,  C\H,.CH,  (Scul'LTZen  and 
Naiikts),  flhtjl-bnizol,  (\H,.C,H,,  and  ^^o/*y/A(tnzfl^C,H,.C,H^  (Nencki 
and  GiAncKAt,' beeidea  many  otlier  bodies,  are  oxidized  iuto  benzoic  acid. 
Cymol  is  oxidized  to  cnmic  acid,  xtflol  to  toloic  acid,  methyhpyridin  to 
pyridiu-carbonic  acid,  in  the  Bame  way.  If  the  side  chain  lias  several 
members,  the  behavior  is  somewhat  different.  Phfuyl-Qctiic  acid,  C'JI,. 
C1I,X'00II,  in  which  only  one  carbon  atom  exists  between  the  benzol 
nnclens  and  the  carboxyl,  is  not  oxidized,  but  ia  climinateil  after  conjuga- 
tion with  glycocoll  as  phenareturir.  ncid  (Rai.kowrki ').  Phfnyl-propionic 
add,  C,n,.ClI,.CH,.C'OOH,  with  two  carbon  atoms  between  the  benzol 
nucleus  and  the  carboiyl,  is,  on  the  contrary,  oxidized  into  benzoic  acid.' 
Aromatic  amido-acida  with  three  carbon  atoms  in  tlie  eide  chain,  and  wltere 
the  Nil,  gronp  is  bound  to  the  middle  one,  aa  in  iyrosin,  tf-oxyplienyl- 
amido-propionic  acid,  C,U,(011).CU,.CU{NH,).C00H,  and  a-phenyl- 
amido-firofiiortir  ncJ4,  C,n,.C'lI,.CH(Nirj  COOH,  seem  to  be  in  great  part 
burnt  within  the  body  (me  above).  Phvitylamido-acftic  acid,  wiiich  haa 
only  two  carbon  atoms  in  the  side  chain,  C,U,.CH(yH,)COOII,  acts 
differently,  passing  into  mandelic  aeid,  phenyl  •glycol  io  acid,  C\U,.Cli(OU). 

coon   (SCIIOTTEN  *). 

'  Scliullzeii  nod  Nftunyii.  Hcicbert  fiud  Du  Bols-Keymond's  Arcli.,  1867  ;  BaiimnDn 
and  Prcuiwc,  ZL-ilsrtir.  t.  pby^Iul.  Cliciii.,  B<1.  8,  8.  Iflft.  Seo  hIko  Ni*n(-kl  ami  Giumwi, 
Md.,  Bi).  4  :  Lesaik  an<1  Nenokl.  Arch  f.  czp.  Pntli.  u.  Pburm..  IM.  24;  F.  MDller, 
Dvursch.  racJ.  Woclienschr.,  18'*"  ;  JifTe  autl  HilUn.  Zeiutclir.  f,  |.liy»lol.  Cliein  .  Hd. 
13;  MQracT.  ibid..  Bil.  13;  KUtigeuberg.  "SiudEi-n  Ober  di«  OxydatioD  Aromntlcclier 
SubataDZCii."  cic.  Tnui]g.-Dift«.  K(titrM-k,  ]BOt.  In  regnnl  Cn  rormaoilid,  wblch  act! 
essentially  as  acctaiiilid,  see  KlBtiie.  Zdtscbr.  f .  pbytlol.  Chun.,  Bd.  2d. 

'  Ibid. .  B»l.  4. 

»  Ibdi..  B<ld.  7  nod  9. 

•  dee  E  and  H.  Snlkowskl,  Der.  d.  dcnttcb.  i:b«ro.  GeMUacb..  Bd.  12. 

»  Zeiuclir.  r  nltyslol.  Chrni..  Hd.  H. 
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If  Berernl  Bide  cliaias  are  present  in  the  benzol  naclens,  tlieu  only  ona 
ia  alwaya  oiidizecl  into  carboxyl.  Thiifl  xyhU  C,H,(CIIj^,  is  oxidized  into 
toluic  aciii,  C,1I,{CEI,)COOI1  (Sciu^ltzes  tind  Naukyn),  fuesityUu, 
C,H,(C;II.),,  inlo  mesitylenie  acid,  C,H,(CH,),.COOH  (L.  Xenciu),  aod 
cymol  into  aimic  rrriii  (M.  Nkxcki  ami  ZtKrtl.ER  '). 

SjuCheaea  of  aromatic  snbatances  with  other  atomic  gronp«  oocar  fre- 
quently. To  theae  syntheses  belongs,  in  the  firat  rank,  tho  conjagation  of 
benzoic  arid  with  glycoooll  to  form  hipptiHc-  acid,  first  discovered  hj 
WoiiLEH.  All  the  numerous  aromatic  substances  which  are  courorted  into 
benzoic  acid  in  tlie  Wdy  are  voided  partly  fis  hippnric  acid.  This  statement 
is  not  true  for  all  claasea  of  iitiinials.  According  to  tlie  observations  of 
JafhI',*  benzoic  acid  does  not  pass  into  hippnric  acid  in  birds  but  iqm 
anotlier  nitroecnoua  acid,  ornithuric  aciU^  C„H,„N,0,.  This  acid  yieldaai 
splitting  prodiictB,  besides  benzoic  acid,  oruithin,  a  body  which  lias  been 
spoken  of  on  page  C8.  Not  only  are  the  orybetizoic  acids  and  the  sub- 
itittUHl  bmzoie  aeida  coDJogated  with  glycocoll,  foruiing^  oorresponding 
liipjiiirit;  lUNils,  hut  aUo  tlie  lihove-iiientioiied  ucJde,  loluic^  metittflfHic, 
cttmic,  Mu\  j>hfinr/!artiic  nciri.'i.  These  acida  are  voided  a&  toluric,  mentyU- 
mtn'e,  cuminnric,  and  phsnaceturic  acids. 

It  nniet  be  remarked  in  regurd  to  the  oxybenzoic  acids  that  a  conjaga- 
tioii  with  glycoeoli  hiia  only  been  sliowu  with  Bulicylic  acid  and  \i-<>xy 
beuzoic  acid  (Bertaokixi,  Baitmakx,  and  Hketkr,  and  otheni),  while 
Baimanx  and  Hkhtkr'  find  it  only  very  probable  for  ni-oxybenxoic  acid. 
The  oxybenaoic  aciils  arc  also  in  part  eliminated  as  conjagnlcd  flulphoric 
aclds^  which  is  especially  truo  for  m-oxybenzoic  acid.  We  hare  Ibe  in- 
vestigations on  Tn-amidobenzoic  acid  in  regard  to  the  transforzuaUoD 
of  amidobenzoic  acids.  Sai.kdwski  found,  as  was  later  confirmed  b/ 
B.  Gony,*  that  rn-ainidobcnzoLC  acid  passes  in  part  into  uramidobenxeie 
acid,  II,X.C0.I1N.C,U,.C00U.  It  ia  also  in  part  eliminated  us  amido- 
bippnric  acid. 

The  substituted  aldehydes  are  of  special  interest  as  auhatjinces  whicb 
undergo  conjugation  witli  glycocoll.  Acfiording  to  the  investigations  of 
R.  CoHN  *  on  tliis  subject  o-nitrobenzahUhyik  when  introduced  into  a  rabbit 
ia  only  in  a  very  small  part  converted  into  nitrobenzoic  acid,  and  the  chitf 
mass,  about  IW^,  is  destroyed  in  the  body.  According  to  Siebkr  ami 
Shirnow*  m-uHrohemaldehi/iie  passes  in  dogs  into  m-nitrohippiiric  acifl, 

'  L.  NcBckl.  Arpli.  f.  exp.  P»lb.  u.  Hlmrm..  Bil.  1 ;  Neacki  and  Zlcgler.  Ber.  il. 
deuUicU.  cbcui.  GeiwlUcL..  Bd.  3.    See  also  O.  Jacobtvu,  ibid.,  Bd.  12. 

•/6W.,  Bild.  10  Mid  U. 

'  Ztitschr.  f.  pbysiol  Cliein.,  Bd.  1,  wbtrc  Berlngnliii'B  work  ii  algo  died.  See  tin) 
DaulzfiibcrK.  Slnly's  Juhreabcr,.  Bil.  11.  8.  331. 

*8alkowtikl.  Zi:ll6cbr.  f.  ]A>ys\o\.  Clietn..  Bd.  7 :  CoIjd.  tbid..  Bd.  17. 

»  ZeiUchr.  f.  phyalol.  Chem.,  Bd.  17. 

*  lluuautiefte  f.  Cbem..  Bd.  8. 
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and  according  to  Cohn  into  nrea  m-nitrohippurate.  lu  rabbits  the 
heharior  i«  quite  different  accurditig  to  OouK.  lu  this  case  not  onlv  does 
an  Dxidation  of  the  iildohvde  into  hen/olc  anid  take  pluce,  Imt  i\\b  nitro 
group  id  a]<o  rednced  to  an  nmiilo  gronp,  and  tlnally  acetic  acid  attochefi 
itself  to  the  amido  group  vritb  the  expnlston  of  water,  bo  Ihat  the  final 
]>ro(liict,  m-aft'iyhniiifoheiizoic  acu!,  f'H,.rO.Xn.C'jIT,.COOr!,  is  the 
rej^tilt.  This  process  is  analogoim  to  the  beharlor  of  fiirfnrol,  and  the 
redaction  does  not  take  placo  in  the  intestine,  bnt  in  the  tiune.  Thd 
p-nJErobcTiKDlilehyde  nets  in  rabbits  I ti  part  lilce  the  m-dldelijde  and  passei 
in  part  into  p-fuftylnntuhbenzoic  acid.  Another  part  19  converted  into 
p-nitrobeozoic  acid,  and  the  urine  conlaiiiH  a  cliemical  combination  of  equal 
parts  of  these  two  acida.  According  to  !?ielieic  and  Smirnow  p-nitn>- 
benzaMehvd(>  yields  only  uroa  p-iiitrnbippiirHte  in  dogii.  The  abore- 
mentioned  pyriditfcarbonic  acid,  formed  from  methyl  pyridin  (nr-picolin), 
pusses  into  the  urine  after  coujagatiou  with  glyeocoll  aa  a-pt/ridinurk 
acid. ' 

To  those  sabstances  which  undergo  a  conjugation  with  glycocoll  belongs 
furfurol  (the  aldehyde  of  ijyrouiucic  acid],  which,  when  introduced  into 
rabbits  and  dogs,  us  shown  by  Jaff^  and  Cons,  is  &ri^t  oxidizeil  into 
pyromucio  acid  and  tlien  this  oliminated  as  ;j//romueiirt£:  ocet/,  0,H,N^O, 
after  conjngation  with  glycocoll.  In  birds  this  boharior  ie  different, 
naukely,  in  them  the  acid  is  conjugated  to  another  substance,  ornithine 
C,II„X,<^,,  wliich  is  probably  diamidovalerianic  acid,  forming  ;»/mm«rtMor- 
fhtirir  arid.  Similar  to  the  oxidation  of  fnrforol,  fhiopheity  C.\II,S,  corre- 
sponding to  furfuran,  is  oxidized  to  thiophenic  acid,  wliich,  according  to 
JaFFE  and  Levy,'  is  conjugated  witli  glycocoll  in  the  body  (rabbits)  and 
eliminated  a«  tkfophenuric  iicid,  C,II,XSO,. 

Furfurol  also  undergoes  conjugation  witli  glycocoll  in  other  forms  in 
mammals.  Time  Jaffh  and  C'oiiK  found  that  it  is  in  part  combined  with 
acetic  acid,  forming  /(jr/wrtfrri/fu;  arid,  C,n,C).CH:  C'lI.COOH,  which 
pa^sea  into  the  nrine  coupled  with  glycocoll  &s /urfuracrylnric  acid. 

Another  very  iniportunt  synthesis  of  aromatic  snbstanoea  is  that  of  the 
ethereal'AuIphuric  adds.  Phenols  and  chiefly  the  hydroxyJatad  aromatic 
hydrocai-hnns  and  their  derivatives  are  voided  aa  echereal-anlphnric  acids, 
according  to  IUimann,  HKnxF.H,  and  others." 

A  coujngittioti  of  aromatic  acids  with  Biilphuric  acid  occurs  less  often. 
The   two  above-mentioned    aromatic    acids,   p^oxyphenylacetic    acid    and 


'  III  reRftrd  to  the  exieiisive  liieniitir<!  on  gIj-coc!nll  t^nnju^tlniis  we  refer  the  reader 
toO.  KQliUng,  UebcT  SUifftr«cli»vliimdubtenioumti9clier  KOrp^r.  Imaug.-Dlit.  Herllu. 
188T. 

>  Jattb  and  Coba.  Bcr.  tl.  dvulKli.  chem.  Out-IlKcti. .  Ihlt].  20  aod  81 ;  with  Levy, 
tbid  ,  Bd.  21. 

*  In  rut^rd  U)  the  literature  eee  O.  KQliling,  1.  c. 
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p-oit/phentflpropimic  acid,  are  in  part  elimiuated  in  this  form.  '  Gentmnic 
arid  (liydrochi non-carbonic  acid)  ini^reaseji,  acconliiig  to  LiKUATSCurt'F,' 
aUo  the  qnantity  of  etbereal-eulphuric  acid  in  the  urine,  and  accordiug  to 
HusT  the  same  occurs,  contrary  to  tlie  older  stai«meut3,  with  paliic  add, 
(trioxybcuzoic  acid)  and  tannic  acid.* 

While  aeetopfteiion  (phenylmethyl  ketooe),  C,lI,.CO.C*n,,  as  shown  by 
M.  Xekcki,  is  oxidized  to  benzoic  acid  and  eliminated  tu  hippuric  aciil. 
the   aromatic   oxyketonea  with   liydroJtyl  groups,  snch  as  i-MOcttophttion, 

C,U,(OH)(0U)(COCHJ,  parmxtjpropiophemn,  C,U.(OH)(C0Cu'.CH.>, 

and  gaUacfhpheneH,  (•,II,(OH)(OH)tOH)(C0.CH,),  pass  ioto  the  urine 
without  prerions  oxidation  as  ethereal-eiilphnric  acidj  and  i:i  |iart  ail«i 
conjngation  with  glycuronic  acid  (N'encki  and  K£Kowski  '). 

Hnxitnthon,  which  is  also  an  aromatic  oxyketoiie,  pa^aee  into  the  nrine  ae 
euxanlhic  acid  after  a  previously  mentioned  conjugation  with  gljcurooic 
add.  A  conjugation  of  other  aromatic  substances  with  glyciirooic  acid, 
which  loat  ia  protected  from  cotnbuBtion,  occurs  rather  often.  Camphor^ 
C,„I1„0,  when  given  to  a  dog  is  first  converted  by  oxidation  into  cainphor^, 
C,, 11, ^(011)0,  and  by  oonjugation  vith  glycuronic  aoid  into  campho- 
gbfciironu:  acid  (Si'niiiK3'Ei!i:it(i).  The  phenols,  as  above  stated  (page  44.>), 
pass  in  part  as  conjugate*!  glycuronic  acids  into  the  urine.  The  same  u 
true  for  the  homologuea  of  phenols,  for  certain  substitute*]  phenols,  for 
naphtholSy  borneol,  menthol,  ttirpettfiney  and  many  other  aromatic  snb* 
stanceB.*  Ortfionitrofoltiol  in  dogs  parses  first  into  o-nitrobeuzyl  alcohol 
and  then  into  a  conjugated  glycuronic  acid,  uronitrotolmlic  neid  (Japps'). 
The  glycuronic  acid  split  oS  from  the  conjugated  acid  is  lasvogyrate  and 
hence  not  identical  wiili  the  ordiuury  glycnronic  acid,  but  isomeric.  Indal 
iind  thatol  sstim,  as  abore  stated  (page  449  and  450),  to  be  eliminated  ia 
the  Tirine  partly  as  conjugated  glycuronic  acids. 

A  syntheBia  in  w]iich  compounds  cootiiining  sulphur,  mercapi uric  acid, 
are  formed  and  eliminated,  conjugated  with  glycuronic  acid«  occnrs  wlieii 
chlorine  and  bromine  derivates  of  benzol  are  introduced  into  the  organism 
of  dogs  (Uaimann   unil   I'nicLfssE,  Jaffb'J.     Thus  chlorbentol   uonibiaee 

>  Z«luctir.  r.  pliyalnl.  CItttn..  Bd.  21. 

*  lu  rii{fiud  Cu  ttic  liuliikVJor  iiT  ff\\\\c  aoil  taanlc  acids  la  tUe  aDlnial  bmty  >e«  C.  Itttr- 
ber.  Zeitsc'lit.  f.  pliy^iui.  Clicm.,  Uii.  16,  wlilcli  iiUo  contAtus  tbe  older  Jiteralute :  hIw 
Ramark,  tbiiL.  Ud.  S4.  Atid  Kust,  Arcb  f.  cxp.  Faili.  n  Pliann..  Btl.  88,  and  Siuuo^ 
ber.  d.  Gesyllacti.  zur  BefOrd.  d.  ges.  Nuturwis*.  zu  Marbiirs-  1899. 

*  Arch.  d.  acleiic,  biul.  tie  8t.  P£lersboiirg,  Tome  8,  imd  Ber.  d.  deutsch.  cbem.  Ge- 
Bellsch..  Bd.  27. 

«Ser  0.  KnUHng.  1.  c,  wlilcli  givea  the  lltertlure  up  tol887:  also  £.  Edk.  Zeluchr. 
1.  Biolugio.   Bd.  37. 

*  Zclisctir.  f.  ptiysiol.  Cbom.,  Bd.  2. 

*  Batimiinii  and  PreiiaR,  Ztrilscbr.  f.  pliyslol.  Clicm.,  Bd.  5;  Jaff^  Ber.  d.  deubeh. 
chcra.  Ocioilsrh  .  B«1    13. 
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with  CY3TE1N»  ad  intermediate  decompoeition  prodnct  of  proteids  which  is 
closely  allied  to  ojratin  (see  below),  formiug  dilorphtnylmercvpturic  acid, 
C,,n„(J]SXO,.  Ou  boiling  with  mineral  acid  tlii?  compound  decompiraes 
into  acetic  acid  and  clilorphenylcysteiii,  C.ll^Cl.C.lI.NSO,. 

Pgridiu,  C.H^N',  vliich  does  not  combine  eittier  with  glycurouic  acid  or 
with  solphnrio  acid  after  prerloiia  oxii3ntion,  bEiom's  a  speciul  helmvior.  It 
takes  up  a  metliyl  group  aa  found  by  IIi.s  and  later  confirmed  by  Cohs",' 
and  formti  an  ammonium  combination,  metht/!pi/ridt/l-ititnnonium  htjdroxyl^ 

Ho.cii.xrjr.. 

Several  alkaloida,  such  as  qttinia,  morphin^  and  gtrychuint  may  pass 
into  the  urine.  After  turpenthiey  biihmn  of  eofmiva,  and  resins  tbese 
may  appear  in  tlie  urine  hh  re^iii  acids.  OilTurenl  kinds  of  coloring 
matters,  Btich  as  alizarin,  crt^xophanic  acid,  after  rhnbarb  or  senna,  anj 
tlie  coloring  mailer  of  the  bhteberry,  etc.,  may  aliio  pass  into  the  nrine. 
After  rhuLarb,  aenna,  or  nanionin  tlio  nrine  ussnmes  a  yellow  or  greenish- 
yellow  color,  whi<:h  i^  transformed  into  a  beaatiful  red  color  by  thu  adilitioo 
of  alkali.  Phenol  prodncei,  as  abore  mentioneil,  a  dark-iirown  or  dark- 
green  color  which  depends  mainly  on  tlie  decomposition  products  of  hydro- 
chinnn  and  humin  Biibutauces.  After  naphthaUn  the  nrine  has  n  dark 
color,  and  BOToml  other  medicioes  produce  a  special  coloration.  Thna 
kairin  often  gives  a  yellon-ish-green  hue,  and  the  urine  darkens  when 
exposed  to  the  air;  thaUin  girea  a  greenish-brown  color  which  Is  marked 
green  in  thin  hiyere,  ami  ntUipyrin  gives  a  yellow  to  blood-red.  After 
hahnm  of  copaiva  the  nrino  becomes,  when  strongly  acidified  with  hydro- 
chloric acid,  gnuUially  rose  and  pnrple-red.  After  miplifhalin  or  naphthol 
the  urine  gives  wltli  concentrated  sulphnric  acid  (1  c.c.  ooacentnitnd  acid 
and  a  few  dro]>s  of  urine)  a  beautiful  emerald*green  color,  which  is 
probably  dne  to  naphtbol-glycnronic  acid.  Odoriferons  bodies  also  pass 
into  the  urine.  After  asparagus  the  nriiie  nequtreB  n  sickly  disagreeable 
odor  wliich  is  probably  dne  to  methylmercaptan,  according  to  M.  Nekcki.' 
.\fter  turpentine  the  nrine  may  hare  a  peculiar  odor  similar  to  that  of 
violets. 


VI.  PatholofflcH]  Confltltnpiit8  of  Urine. 

Proteid.  The  appearance  of  slight  traces  of  proteid  in  normal  nrines 
has  been  repeatedly  obserrcd  by  many  investigators,  such  as  PosifEH, 
PLOSZ,  V.  NooitiiKS.  TjFubz,  and  others.  According  to  K.  Moknkr'  pro- 
teid regularly  occurs  as  a  normal  nrinary  coostitnent  to  the  extent  of  2:3-78 

■  HU,  Arcb.  f.  cxp.  Patli.  ii    Phnrm..  BO.  22;  Cuba,  ZeiUclir.  f.  pbfilol.  Cb«iD., 
B<l.  18. 

»  Areh.  f.  exp.  Pftth.  u  Phnrm..  Bd.  88. 
*  Bkand.  Arcb.  f.  Pbyslol.,  Bd.  6. 
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milligrams  per  litre.  Freqaentl;  tracee  of  a  snbstuDce  similar  to  a  nocleo- 
albamin,  and  wliich  i&  easily-  mistaken  for  mucin,  are  foand  in  the  tiritie. 
la  diseased  conditioug  proteid  occurs  in  the  urine  in  a  rariety  of  cases. 
The  albutnitious  bodies  wluoh  moat  often  occar  are  eerglobulia  and  aeraJ- 
buniiti.  Al!>ainoses  and  pejitonee  also  eometinies  occur.  The  quantity  of 
proteid  in  the  urine  h  ia  most  cases  less  than  .5  p.  m.,  rarely  10  p.  m.  uiid 
only  very  rarely  does  it  amount  to  50  p.  m,  or  over. 

Among  the  many  renctiooa  proposed  for  the  detection  of  proteid  n 
ttriue,  the  following  are  to  be  recommended: 

The  Heat  Ttst.  Filter  the  urine  and  test  its  reaction.  An  aoid  urine 
may,  as  a  rule,  be  boiled  without  further  treatment,  and  only  in  especially 
acid  urines  is  it  necessary  to  Srgt  treat  n-ith  a  little  alkali.*  An  allcalioe 
urine  is  made  nemral  or  faintly  wnd  before  heating.  If  the  urine  U  poor 
in  saltR,  add  ,'„  vol.  of  a  saturated  common-gAlt  solution  before  boiliug; 
then  heat  to  hoilitig-point,  and  if  no  precipitation,  cloudiness,  or  opalescence 
ap|)L>arB,  the  urine  iu  ([ue^tion  contains  no  coagulablo  proteiil,  btit  it  may 
contain  albumoaes  or  peptones.  If  a  precipitate  is  produced  on  boiling, 
this  muy  cunsifit  of  proteid,  or  nf  eiirthy  phosphates,  or  of  both.  The 
simple-acid  calcium  ]>hn3pl)ute  decomposes  on  boiling,  and  normal  pho»- 
pliftte  may  separate.  The  proper  aninnnt  of  acid  is  now  added  to  the 
urine,  so  a&  to  prerent  any  mistake  caused  hy  the  presence  of  earthy 
phoaphiices.  and  to  give  a  better  and  more  tlocculent  precipitate  of  ths 
-proteid.  If  acetic  aci^l  is  used  for  thiit,  tlien  add  l-2-:t  drops  of  n  'ib%  acid 
to  each  10  c.c.  of  the  nriue,  and  boii  after  the  addition  of  each  drop,  (hi 
using  nitric  acid,  add  1-2  drops  of  the  25;e  nciO  to  each  c.c.  of  the  boiling- 
hot  urine. 

Ou  using  acetic  acid,  when  tlie  riuantity  of  proteid  is  very  sm&U,  and 
especially  when  ilie  nnno  was  originally  alkaline,  tiie  proteid  may  somotimea 
remiitn  iu  solution  on  the  addition  of  the  above  quantity  of  acetic  acith 
If,  on  the  contrary,  less  acid  is  added,  the  precipitate  of  calcium  phosjihate, 
which  forms  in  amphoteric  or  faintly  acid  urines,  is  liable  not  to  dissolve 
completely,  and  this  may  cause  it  to  be  mistaken  for  a  proteid  precipitate. 
If  nitric  acid  is  used  for  the  heat  test,  the  fact  must  not  b«  overlooked  thut 
after  the  addition  of  only  a  little  acid  a  combination  tietwoen  it  and  Wxe 
proteid  ia  formed  wliich  is  soluble  on  boiling  and  which  is  only  precii)iute>;i 
by  an  excess  of  the  acid.  Ou  this  account  the  large  quantity  of  nitric  acid, 
as  snggestud  above,  7nust  be  ailded,  but  in  this  case  a  small  part  of  the 
proteid  ig  liable  to  be  dissolved  by  the  excess  of  the  nitric  acid.  When  the 
acid  is  adder!  after  boilin;;.  which  is  absolutely  nece«sury,  the  liability  nf  & 
mistake  is  not  so  great,  it  is  on  these  grounds  that  the  heat  test,  although 
it  gives  very  good  results  iu  the  hands  of  ex2>ertB,  is  not  recommended  to 
physiciutiB  as  a  positive  test  for  proteid. 

A  confounding  with  mucin,  when  this  body  occurs  in  the  urine,  is  easily 
prevented  in  the  heat  test  with  acetic  acid,  by  acidifying  another  portion 
with  acetic  acid  at  the  ordinary  temperature.  Mucin  uud  naclcoalbumiD 
substances  similjir  to  mucin  are  liereby  precipitated.  If  iu  the  {>crformanc« 
of  the  heat  and  nitric-acid  test  a  procii>ituto  first  appears  on  cooliutj  or  ts 
strikingly  increased,  thou  this  shows  tho  presence  of  albiimosos  in  Uio  nrine, 
either  alone  or  mixed  with  coagnlable  proteid.     In   this  case  a  further 
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inrestigation  is  necessary  (see  below).  In  n  nrino  rich  in  nrates  n  precipitAte 
consisting  of  uric  acid  separates  on  cooling.  Tliis  procinitute  is  colored, 
Bandr,  and  l)ardlT  to  ba  nimtakeu  for  an  albuniose  or  proteid  precipitate. 

Uklleh's  test  is  jierforine<l  iia  f  jllows  (see  pii^e  2'i):  The  uriue  ia  very 
carefully  floated  on  the  surface  of  nitric  acid  in  a  test-tubo.  The  presence 
of  proteid  is  shown  by  a  white  ring  between  the  two  liquids.  ^Mth  this 
teet  a  red  or  reddish-violet  transparent  ring  is  aiu-ays  ohtnined  with  normal 
nriue;  it  depends  on  the  indif^o  coloring  matters  and  can  hardly  be  mistaken 
ior  the  white  or  whitish  proteid  ring,  and  this  last  must  not  be  mistakeu 
for  the  ring  prodnced  by  bile-pig^ments.  In  a  urine  rich  in  urates  another 
complication  may  occur,  dne  to  the  fonnation  of  a  ring  produced  by  the 
precipitated  uric  acid.  The  uric-acid  rinj;  doca  not  lie,  like  the  proteid 
ring,  between  the  two  liquids,  but  somewhat  higher.  For  this  reason  we 
may  often  have  two  simultiineoiis  rings  with  urines  rich  in  nrates  and  yet 
not  containing  very  mtich  proteid.  The  disturbance  cansed  by  nrio  iicid  ie 
easily  prevented  by  diluting  the  urine  with  1-2  vol.  water  heforo  perfonning 
the  ce^t.  The  uric  acid  now  remains  in  solution,  and  the  aelicncy  of 
Heller's  test  is  so  groat  that  after  dilution  only  in  the  presence  of  insig- 
nificaut  traces  of  proteiil  does  this  test  giro  negative  results.  In  a  urine 
Terv  rich  in  urea  a  ring-like  separation  of  un-a  nirrate  may  also  appear. 
This  ring  ccmsiBts  of  stiiniug  crystals,  and  it  does  not  appear  In  the  pre- 
rionsly  diluted  urine.  A  confusiou  with  resinous  acids,  which  also  gire  a 
whitish  riug  with  thi^  teet,  ia  oaEily  prevented,  since  tiie«c  acids  are  suhible 
on  the  addition  of  ether.  Stir,  add  ether  and  carefully  shake  the  contents 
of  the  test-tube.  If  tlie  cloudiness  was  due  to  resinous  acids,  the  arine 
gradnally  hecopies  clear,  and  on  evaporating  the  other  a  stit^ky  residue  of 
resinous  acids  is  obtained.  A  liquid  which  contains  pare  mucin  does  not 
give  a  precipitate  with  this  test^  but  it  gives  a  more  or  less  strongly 
opalescent  ring,  which  disappears  on  stirring.  The  liquid  does  not  contain 
any  precipitate  after  stirring,  but  is  somewliat  opalescent.  If  a  faint,  not 
wholly  typicjil  reaction  ia  obtained  with  Heller's  teat  after  some  time  with 
nndilutcd  urine,  wiiile  the  dilated  urine  gives  a  prononnced  reaction,  this 
shows  the  presence  of  Ltie  substance  which  used  to  he  called  mncin  or 
nucleoalhamin.  lu  this  case  proceed  us  doacribed  botow  for  the  detection 
of  nucleoalbnmin. 

If  we  bear  in  mind  the  ahnve-mentioneil  possible  errors  and  the  means 
by  wliich  Ihey  may  be  prevented,  there  is  hardly  another  tet^t  for  proteid  in 
the  urioe  which  is  at  the  same  time  ao  easily  performed,  so  delicate,  and  bo 
positive  as  Hei.i.eu'.s.  With  this  tet;t  even  6.00'^^  alhuniiu  may  be  detected 
without  difliculty.  Still  tlie  student  should  not  be  satisHed  witli  thia  tost 
alone,  but  apply  at  least  a  second  teijt,  such  <is  the  heat  test,  Jn  ])erforming 
this  teat  the  {(irimary)  all*T!moseB  are  alflo  precipitated. 

The  rtartion  vith  mrtnplumphorie  acid  (see  page  2IJ)  is  very  convenient 
and  easily  performed.  It  is  not  quite  so  delicate  atid  positive  we,  IIei.i.rr^s 
test.     The  albumoses  are  also  precipitjit^d  by  this  reagent. 

Reaction  wifh  Acettr  Acid  mid  I'otfigsittm  Ferror.t/auiih.  Treat  the  urine 
first  with  acetic  acid  until  it  contains  about  2^,  ant!  then  add  drop  Ijv  drop 
a  potassiam-ferrocyanidc  solution  (1  :  30),  carefully  avoiding  an  excws, 
This  test  is  very  good,  and  in  the  hands  of  experts  it  is  even  more  delicate 
than  Heller's,  lu  the  presence  of  ver>'  small  quantities  of  proteid  it 
retpiires  more  practice  and  dexterity  than  IIellku's,  as  the  relative  qnan- 
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tilies  of  reagent,  proteid,  and  acetic  acid  inflacnce  the  resiilt  of  the  test. 
Tlie  r|nantity  of  t^Ue  m  the  urine  likewise  seems  to  hare  an  iiiflnence.  Tliis 
reagent  alsu  precipi Liitca  ftlbitmofics. 

Smni^R's  Tett.  Spfegler  i-ecotnmeiul!)  n  Rohition  of  8  pnrts  mercuric  cbloridv.  i 
parts  tftrlnrlc  bcW,  20  [uirla  glyreriii,  nv<\  SOO  pnrm  writer  n<  ■  vory  delicate  rva^tit  (or 
pnil«til  in  ibe  iiiiue.  vV  te4t-lulM5  i»  half  fllkd  wiLh  ibis  rfBi^ent.  aad  tbt-  uriue  ttlluwrd 
lo  Uuw  upon  ll««irf«pciir<ip  by  dittp  fitJin  n  pipelte  ulnng  ilie  w»]|  of  tbe  lesl-lub«  Id 
tlie  presence  of  prolcfil  ft  while  ring  i«  oblnita-u  !ie  ihc  poiwi  of  coutncl  between  lbs  liro 
iltmUls.  Tile  lidicdry  I'f  t.>iii  Wt>l  in  I  :  350000.  Joi,i.kh  '  ilue«  uul  eonxiclcr  tbis  rKsgrat 
suited  for  uHneti  verv  |M)i>r  In  t-lilorlne,  hqi]  fur  lbi:<  reiisan  be  bus  cbauited  it  ai  follvwi  -. 
lU  frrtii.  tiioicuric  cbloriile,  SO  ^rm,  siicciofc  Ackl.  10  grni.  NaCI,  iiutl  SOU  ec.  walor. 

ItocM'K  Tf«t.  Treut  UiQ  uriocoilber  wilb  u  'iO%  wnterjr  BolutiunufsiiIpboMlicirlicKeld 
or  A  f«^v  cry»lHis  of  Cli«  acU\.  TLfs  reagent  doea  Dot  precipitate  the  uric  ocli)  or  the  rctb 
acids.* 

As  every  normal  urine  contains  traces  of  proteid,  it  is  apparent  that  Ten 
delicate  reagenta  are  only  to  be  nseil  witli  the  greatest  caution.  For 
ordinary  cases  IIri.ler's  test  in  HtinU-iently  delicnte.  If  no  reaction  is 
obtained  with  thie  teat  vritbiu  'i^  to  li  minutes,  the  nrime  tc8te<l  contains  letf 
than  O.DO'.i'i  proteid,  uud  is  to  be  conaidered  free  from  proteid  ia  tls 
ordiimry  eonse. 

The  use  of  precipitating  reagents  presames  that  the  nrine  to  be  inresti- 
gated  '\3  p©rfe«tly  clear,  especially  iji  the  presence  of  only  Tery  little  protciil. 
The  nn'ne  must  first  be  filtered.  Tliis  ia  not  easily  done  with  nrine  dm- 
taining  bat^terlu,  but  a  clear  nrine  tnuy  bo  obtained,  u  snggested  by 
A.  .T(>i.T,K.s,'  by  ghaking  the  urine  with  infasorial  earth. 

The  different  vohr  rmctions  canoot  be  directly  used,  especi&Uf  in  deep- 
colored  iirinej^  wliii?Ii  only  contain  little  proteid.  Tlie  common  salt  of  tbs 
uriiio  hoa  u  dlt<>turbing  actiou  on  AluaoN'a  reagent.  To  prove  more  yxm- 
lively  the  presence  of  protoid,  the  procipitato  obtained  in  the  boiling  tett 
may  bo  filtered,  washed,  and  then  tested  with  Mmj-ok's  reagent.  Tlie 
precipitate  may  also  be  disHolvcd  in  dilute  alkuli  and  the  biuret  test  applied 
to  Che  solution.  The  presence  of  albumoses  or  peptones  in  tbe  urine  ia 
directly  tested  for  by  this  last-mentioned  test.  In  testing  the  nrine  for 
proteid  one  should  never  bo  gntislied  with  one  test  alone,  bat  apply  tlie 
heat  test  and  Ufi.lkic*b  or  the  potossinni-ferrocyanide  test.  In  nsing  ttie 
hoat  tOBt  idi)[ie  tlie  albiimoaot;  niuy  be  easily  nvorlaoke<l,  but  ttieee  are 
detected,  on  tba  contrary,  by  Hb:LLt:R''ii,  or  the  potassium  ferrocyanide  tMt 
If  we  use  only  one  of  tlie^e  tests,  we  get  no  sulVicipnt  intimation  of  ths 
kind  of  proteid  present,  whether  it  consists  of  albumosee  or  coagulsl 
proteid. 

For  prnclical  piirfioi^v^  several  dry  rengenls  for  ptqleldhave  been  recommcDdnl.  B» 
sicloa  tlio  int'tapbwpburiu  iicid  may  1>b  weiiLiuiieu  Stdtc's  or  i-YittiitiNtiBH  8  jcrlatln 
CB{iiiiilL«.  wliicit  cotiiniit  im  rniric  cblorjde.  KMliiim  e1i|<i[i<l(>,  mid  ciiric  iield  ;  qikI  Qjath- 
LKK'a  nlbuiiiin-lftal  p^ipera.  wlticb  eonitiHt  of  t>lrt()«!)f  lilter  pKper  wbirh  bavu  Itren  difptd 
(d  a  solution  of  cUric  nciti  tiad  iilao  merciiric-cbluri^e  imd  |>utassiiim>iodide  aoluilou  auil 
tbeu  dried. 

If  the  presence  of  proteid  has  been  positively  proved  in  the  nrioe  by  tli» 
above  tests,  it  then  remains  neccsaary  to  determine  the  variety. 


1 


■  Sptegler.  Wien.  kliti.  Woclienscbr,  1893,  and  ContTalbl.  F.  d.  kiln.  Xed..  X9Hi 
Julles,  ZeltMbr.  f.  plij^iol.  Cbem..  Ud.  21. 

*  Pbarmaceut.  CentruUmnc.  IHHll.  and  Zellacbr.  f.  anal.  Cbem.,  Bd.  89. 

*  Zeltnbr.  f.  aaal.  Cbem.,  Bd.  99. 
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The  DftftioH  of  GhbuUn  atul  AUmmtn.     Tq  detecting  aergiulinltn  the 

urine  is  exact);  neatralized,  HUererl,  and  treated  with  ma^ne^him  sij)[>hate 
in  gnbBtnnce  until  it  is  completely  »attirjiteJ  at  tiie  onliimrv  ifiiijHfnttiire,  or 
with  im  pijiiul  voltinio  of  u  sAtnrateU  iieutrtkl  eohitiou  of  atiiinuuiiini  eiil- 
phate.  In  botb  cases  &  white,  llocculeut  precipitate  is  formed  in  the 
presence  of  globulin.  In  using  aninioniiiNi  sitlphato  with  a  uriim  rii-Ii  iu 
urates  a  precipitate  consisting  of  amtnoniiini  urate  may  separute.  This 
precipitate  doea  not  appesir  irnniediatelv,  but  rmly  after  a  certiiiii  time,  oud 
It  niiiBt  not  be  mistaken  for  the  globnlin  precipitate.  In  detecting  cer- 
alboniin  heat  the  filtrate  from  the  globulin  precipitate  to  boiling-point  or 
add  about  \%  acetic  acid  to  il  at  the  ordinary  temperature. 

Altnitnoses  and  peptones  have  been  repeatedly  found  in  the  urino  in 
different  diseases.  Helliilile  reports  are  at  liiind  on  the  occurrence  of  alUn- 
rooaes  in  the  urine.  Thestutemente  in  regard  to  the  occurrence  of  peptones' 
date  in  part  from  a  time  when  the  concoption  of  albumoses  and  popLoQos 
waa  different  from  that  of  the  present  day,  and  in  iiart  they  are  haeed 
upon  investigatioDB  niiiiig  untrnstworthy  niothoda.  True  ]teptones  hare 
Dot,  it  seems,  been  detected  in  urine,  and  wliat  hae  been  designated  aa  urine 
peptone  aeem  to  have  been  chiefly  deutero-niljnmose. 

In  detecting  the  albumosea  the  proteid-free  nrine,  or  nrine  boiled  with 
addition  of  acetic  acid,  is  saturated  witii  auimonlum  sulphate,  which  precipi* 
tates  the  albumoees.  Sererid  errors  are  here  pusgiblu.  Tiic  uroliilin,  wiiich 
may  give  a  reaction  similar  to  the  binret  reacLiun,  is  also  precipitated  and 
may  lea*l  to  mieUikes  (Sai.kuwski,  Stokvis').     \  small  quantity  of  the 

Eroteid  may  remain  in  Bolntion  in  coiigulation  which  may  be  precipitated 
y  the  ammoninm  snlphate  and  be  mistaken  for  albnmoses.  The  coagitlable 
proteid  may  be  completely  precipitated  by  Batiiraling  willi  ammonium  enl- 
pfaate  in  boiling  eolation;  but  according  In  I>evoto'  small  quantities  of 
albnmose  may  be  formed  from  the  proteid  by  healing  for  a  long  time  with 
the  salt.  On  heating  for  a  short  time  no  snch  formation  of  idbi]mo!>e  takes 
place,  and  the  proteida  are  completely  coagubitcd. 

For  theM  reasona  lUxri*  has  snggested  the  following  method  for  the 
detection  of  albiiinoseH  iu  the  presence  of  onagulable  jiroteid.  'I'he  urine  is 
beated  to  boiling  with  ammonium  sulphate  (8  parts  to  ICi  parts  urine)  and 
boiled  for  a  few  seconds.  The  still  hot  liqnid  is  centrifuged  for  4  to  1 
minute  and  separated  from  the  sediment.  The  urobilin  is  removed  from 
tfais  by  extraction  with  alcohol.  The  residne  is  suspended  in  a  little  water, 
beated  to  boiling,  filtered,  whprehy  the  cnagulable  ]irotcid  is  rctaiiieil  on 
the  filter,  and  any  urobilin  still  present  in  the  filtrate  is  shaken  out  with 
ddoroform.  The  watery  solnlion,  after  removal  of  the  chloroform,  is  used 
for  the  biuret  test.  I'or  cliijical  purposes  this  method  is  very  serviceable. 
In  regard  to  other  more  ccmplicated  methods  we  refer  to  IIltpeht* 
NEE-'BAifEU,  Harn-Analyae,  10.  Autl. 

>  In  regard  to  itic  llU-mturc  on  iilbumo8«s  nnd  pept<iu(.>8  [ii  urlii>t;  wc  Hiippcri.Ni'u- 
Iwucr.  Earu-AntiljiK;.  10.  Autl  .  9.  4M  to  492  :  also  A.  Bloflregen,  Utbtrtliis  Vr>i  kummen . 
ToB  Pppioii  im  ITiiru.  SpiiHiiii  iiinl  KiiiT  (iTiiiup.  Disi.,  Dorpat,  180IJ  ;  II.  llirsclifeldl. 
£ia   Heiltag   zur  Prngo  der  Poplotiurlo   (Ipuug    Diss  ,   Dorpat,   ^Wi)  :   lUiii  rapi-clulljr 
Stadclirmiii.  UnlersuRliun^'n  nlH;r  die  Ptptonuiie.     Wicsbadcu.  18M. 

*  Salkowskl.  Berlin,  kiln.  Wtjrijciisclir.,  1897  ;  Stokviii.  ZeSlscbr.  f.  Itiolntfie,  Btl.  84. 
■  Zeitscbr.  f.  phyaiol.  Cluni.,  B<l.  IS. 

*  Deulscli  med.  Wocbenscbr.,  ISSa. 
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If  tho  albnmoses  hare  been  prccipi 
1}V  iitnmoiiinm  sulplmto,  this  prccipitato  is  tetiteil 
aibiinmsei  for  the  reapona  giren  in  Chapter  II. 

Tli«  following  Herces  iw  a  preliminary  determination  of  the  kind  of 
albiiiiioaes  predeut  in  the  nrine.  If  the  orioo  contains  only  deiiteroulbumoee 
it  does  not  l>ecome  clondj  on  boiling,  does  not  giro  Uellek's  test,  does  not 
beconiQ  clondyou  satiinibing  with  NuO]  in  iieuLral  reaction,  but  does  become 
oloudy  on  adding  acetic  acid  gaturatod  v\i\\  salt.  In  the  presence  of  only 
protalbumoso,  the  urine  gives  Hkllrr'^  teot,  is  precipitateu  even  in  noutral 
solution  00  saturating  with  XaCl,  bnt  does  not  coagulate  on  boiling.  The 
presence  of  heleroidhuinose  is  shown  by  the  urine  behaving  like  the  abo<r« 
with  XaCl  and  nitric  acid,  bnt  ahovra  a  dilTerence  on  heating.  It  gradaallr 
becomes  clondy  on.  warming,  and  separates  at  abont  CO"  U.  a  sticky  precipf- 
tate  which  atttuOies  itsoU  to  the  sides  of  the  resBel  and  which  diseoUes  st 
boiling  temperature  on  acidifying  the  urine,  and  reappears  on  cooling. 

Quantitative  Es/iraation  of  J'rofeid  in  Vriue.  Of  all  tlie  methodf 
proposed  Urns  far,  the  coaqui^vtiox  uethou  {boiling  vith  the  addition  of 
acetii:  acid)  whou  porformed  with  sufficient  care  gives  the  best  resalts. 
The  azerAge  errors  need  never  amonnt  to  more  than  0.014,  and  it  is 
generally  smaller.  In  nuing  thi.i  method  it  ia  beet  to  first  find  how  mach 
acetic  Hoid  must  be  added  to  a  small  portion  of  urine,  trbich  has  lieeu 
previonsly  liented  on  the  water-bath,  to  completely  separate  the  proteid  u> 
that  the  fdtmte  does  not  respond  to  Uklliuc'h  tc&t.  Then  coagulate 
30-50-100  c.c.  of  the  arine.  Tour  the  nrine  into  a  beaker  and  heat  on  the 
water-bfttli,  add  tho  required  fpiantity  of  itcetic  acid  slowly,  stirring  coa- 
Btantly,  and  boat  at  the  same  time.  Filler  whilo  wArm,  wash  first  with 
water,  then  with  alcohol  and  ether,  dry  and  weigh,  incinerate  and  weigh 
again.     In  exact  determinations  the  filtrate  mnst  not  give  Urllrk's  test. 

The  separate  estimation  of  ui.ouulins  and  AiJtisiiNs  is  done  by  car^ 
fnlly  neutrnllzing  the  urine  and  precipitating  with  Mg80,  added  to 
auturation  (Uammabsten),  or  simply  by  adding  an  eqnal  volume  of  a 
aatnratot!  neutral  eolntionof  ammonium  sulplmte  (IIofjieisteii  and  i'oiiL'). 
The  proi:ipitalc  coTisisting  of  globulin  is  thoroQghly  washed  with  a  satarated 
luagnesium-aiitphato  or  half-satn rated  amniouium-sulphate  solution,  dried 
continuously  at  110^  C,  boiled  with  water,  extracted  with  alcohol  and 
«thor,  then  dried,  weigbeil,  ashed,  and  weiglied  again.  The  quantity  of 
albumin  is  calculated  as  the  difference  between  the  cjnantity  of  globulins 
and  tbo  total  proteids. 

Approrimiite  Estimation  of  Proteid  in  Urine.  Of  the  metbmU  sug- 
gested for  this  purpose  none  bos  been  more  extensively  employed  thjui 

ESBAI-U'S. 

KsitAfit's*  Method.  The  acidified  urine  (acidified  with  acetic  aciil)  ia 
poured  into  a  specially  graduated  tiilie  to  a  certain  mark,  and  then  the 
rciigent  (a2«  citric-aoi'd  and  H  picric-acid  solution  in  water)  is  added  to  a 
second  mark,  tbo  tube  closed  with  a  rubber  stopper  and  carefully  sliakeo, 
avoiding  the  prodnction  of  froth.     The  tnbe  is  allowed  to  ataud  24  faonn, 


>  Hftiiinmrslen,  PtlT\ger'a  Arcli.,  Hd.  IT  ;  Hofmelstcr  and  Pohl,  Arcb.  f.  etp.  IHtb. 
1'.  Pbiirni.,  BJ.  20. 

*  In  regnnl  to  the  litorattirc  on  tltia  tnetliod  aud  (be  DUineroua  experlnuma  1o  deur 
mine  Us  vitloe  «ee  nuppcrt-Keubaacr.  10.  Aufl..  8.  658. 
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and  then  the  height  of  the  precipitate  in  the  gmdnoted  tube  ia  read  off. 
The  reftding  girea  directly  the  qimntity  of  proteid  in  lO(U)  parU  of  the 
Urine.  Urines  rich  in  proteid  mast  first  bo  dihitcd  with  water.  The 
results  obtained  by  this  method  are,  howerer,  dependent  upon  llie  tempera- 
ture; atid  a  difference  in  temperatiire  of  5"  to  G.o"  C.  may  in  urinea 
containing  a  medium  quantity  of  proteid  cause  au  error  of  0.2-0.3^  defi- 
ciency or  exceaB  (Christessen  and  Mtcoe  ').  Thia  method  is  only  to  he 
used  in  a  room  in  which  the  temperature  may  be  kept  nearly  conBtaiit. 
The  directions  for  ite  nse  accompany  the  apparatus. 

Other  nieilioOs  for  ttjo  tpproxliuMe  MtlinMloti  of  r>roteid  *re  the  opUcnl  melUod*  of 
CiTRif^TlbNeRK  am]  AItiiok,  of  ItoiieuTH  ami  Stulmkow  an  inndilieil  by  Hiianubkro, 
•with  IIhm.er'b  tr*t.  witloli  Ivit  been  aliiipUllcd  N>r  pracllciil  purpioscs  by  Mittelbacd. 
Tlie  (IvuKily  mctbmls  of  Lamo,  Ul'I'Pbrt.  And  Zakhh  nre  mIko  yety  gowi.  Id  itiKiii-d  to 
llicn:  iind  (ithc-r  mi-lliods  'kv  refer  to  Hcppekt-Xrcbaubr's  HHm-Aonlyse.  10   Aufl. 

We  Uuve  for  iLie  preM^Dt  uo  ttustwortiiy  melbod  for  lliequatiUtatlvc  ettlmiitioii  of  al- 
liumoecs  add  peptone  iii  (lie  iirint*. 

Nucleoalbuv\in  and  Mucin.  According  to  K.  Morneb  traces  of  urinary 
bincoid  may  piw«  into  Folntion  in  the  urine;  otherwise  normal  nrine  con- 
tains no  mucin.  There  is  no  doubt  that  we  may  hare  cases  where  trne 
macin  appears  in  the  urine;  in  most  cosee  mucin  has  probably  been 
mistaken  for  po-called  Ducleoalbumin.  The  occnrrence,  under  some  cirntim- 
etancea,  of  iincleoalbnmin  in  the  urine  is  not  to  he  denied,  as  such  enbntances 
occur  iu  the  kidneys  and  nrinary  passages;  stiU  in  moat  cases  this  nncleo- 
albnmin,  as  bhowii  by  K.  Moknkk,*  is  of  an  entirely  different  kind. 

Every  urine,  acoording  to  Mohnkk,  contains  a  little  jiroteid  end  in 
addition  substances  precipitating  proteid.  If  the  nrine  freed  from  salts  by 
dialysis  is  shaken  with  chloroform  after  the  addition  of  1-2  p.  ni.  acetio 
acid,  a  precipitate  ia  obtained  which  acts  like  a  nucleoalbnmin.  If  tlic  acid 
filtrate  is  treated  with  seralbumin,  a  new  and  similar  precipitate  is  obtained 
due  to  the  presence  of  a  residue  of  the  suhHlauce  precijiitatiug  proteids. 
Tlie  most  inii<irtant  of  these  proteid-procipitating  substances  is  chon- 
droitin-sulphnric  acid  and  nncleic  acid,  although  to  a  much  smaller  extent. 
Taurocholic  acid  may  in  a  few  esses,  especially  in  icteric  urines,  bo  precipi- 
tated. The  substances  isolated  by  different  inrestigators  from  nrine  by  iha 
addition  of  acetic  acid  and  called  "  dissolrcd  mucin  "  or  '*  nncleoalbumin  " 
are  considered  by  MnitsTR  ns  a  combination  of  jirotcid  with  chiefly  chon- 
droitiii-Bulplmricacid,  and  to  a  lees  extent  with  nucleic  acid,  audtileo  perhaps 
with  ianrocholir.  acid. 

As  normal  urine  habituolly  contains  an  excess  of  snbstaucc  precipitating 
proteidft,  it  is  apparent  that  an  increased  elimination  of  Bo^called  nucleo* 
atbnmin  may  be  caused  simply  by  an  increased  elimination  of  proteid. 
This  happens  to  a  stilL  greater  extent  iu  cases  where  the  proteid  as  well  as 
the  proteid-precipitating  snbstance  ia  eliminated  to  an  increased  extent. 


1  CbrislenMD,  Vlrcbow's  Arcb.,  Bd.  110. 
•Skand.  Ai-clj.  f.  Plirslol.,  Bd.  6. 
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Deisction  of  so-calied  Xucleoalbiimiyis.  When  a  nrine  beoomes  cloudy 
or  precipitntdt  on  the  wldition  of  acetic  acid,  nnd  when  it  give*  &  more 
typicul  reitction  with  Uklleu's  teat  after  dilation  of  the  urine  tlmn  befuie, 
one  le  justified  in  mukiug  teats  for  mucin  and  nttcleoalbumin.  As  the  salt 
of  tlie  iirint?  interfere!!  oon^ideralily  with  the  precipitation  of  tlieae  Biibstances 
by  acetic  acid,  they  must  tJrat  be  remoTcd  by  dialysis.  As  large  a  quantity 
of  urine  as  possible  is  dialjBed  (with  the  addition  of  chloroform)  nntil  the 
»ii\tB  are  removed.  Then  acetic  acid  is  atlded  nntil  it  contains  '2  p.m.,  and  i& 
allowed  to  stand.  The  precipitiite  is  diMoived  in  wator  hy  the  aid  of  the 
smallest  possible  qnantity  of  alkali  and  precipitated  again.  Id  teettng  for 
choadroitin-ttulphuric  acid  a  part  h  warmed  on  the  water-hath  with  about  5i 
hydroohloriG  acid.  If  positive  reeults  are  obtained  on  teEting  for  eulphnric 
acid  and  rednciiig  substance,  then  choudroprolcid  was  present.  If  a  redac- 
iiig  t^ubstance  ctui  be  detected  but  no  sulpljnric  acid,  then  mucin  is  probably 
there.  If  it  does  not  contain  anr  aulpliitric  acid  or  reducing  substance,  a 
p[irt  of  the  precijiitato  in  exposed  to  pepsin  digestion  ktuI  another  part  n#ed 
for  tlie  determination  of  any  organic  plioaplioriis.  If  poaitive  results  are 
obtained  from  tlicse  teats^  then  we  must  ditlerentiate  Iwtwecn  nncteoalbumin 
and  nucleoproteid  by  special  tests  for  n*ic;lein  bases.  \o  positive  conclusion 
can  be  drawn  except  by  using  very  large  (jaantities  of  urine. 

Nuclfohiatvn.  lu  ii  caac  of  pseud oltiiu-aL-nitiv  A.  Jollkb  fuiinJnpliOEptiorized  pmlcla 
BiihsUincD  wbici)  tie  «»usi'(it.-ra  tiH  iilitntii'ij  witli  iiiiclei)bist(in.  HiaUni  U  claitunl  tu  liavi} 
tweu-fouiiO  in  somt;  fueii  by  KrtKiii.  aii<i  MATTnKH  ami  by  Eoi-iwcn  ami  BirKLAB.' 

Blood  and  Blood-coloring  Matters.     The  nrine  may  contain  blood  iruia 

heniorrhogo  in  the  kidneys  or  other  parts  of  the  urinary  passages  (nx)i\' 
tukia).  In  tlieue  caeeti,  when  the  ({uantity  of  blood  is  not  very  sinall,  the 
nrine  is  more  or  leas  cloudy  and  colored  reddisli,  yellowish  red,  dirty  red, 
brownish  red,  or  dark  brown.  In  recent  hemorrhages,  iu  which  the  blood 
has  not  decompoaed,  the  color  is  nearer  blood-red.  Ulood-corpnscles  may 
be  fouuil  in  the  sediment^  somotiines  also  blood-casts  and  smaller  or  large' 
blood-clots. 

In  certain  cases  the  Qnne  contains  no  blood-corpascleSf  but  only  dis- 
soWed  blood -coloring  matters,  haemoglobin  or,  and  indeed  qaite  oft«D, 
methtunioglohin  (ii^MOflLOBiNraiA).  The  blood -pigments  appear  in  the 
nrino  under  different  conditions,  as  in  disaolntion  of  blood  in  poisoning  with 
araeninrettcd  hydrogen,  chlorutee.  etc.,  after  serious  burns,  after  transfosioo 
of  blood,  and  also  iu  the  periodic  iippearance  of  liajnioglobionria  wi'Ji  fever. 
Iu  hfitmoglobinuria  the  nrine  may  also  have  an  abundant  grayish-brown 
sediment  rich  in  protckl  which  contains  the  remains  of  the  stromata  of  the 
red  blood-corpascles.  In  animals  ha>moglobinnria  may  be  produced  by 
many  causes  which  force  free  htBUioglobin  into  the  plasma. 

To  detect  blood  in  the  urine  we  make  use  of  tl>o  microscope,  spectro- 
scope, the  guaiacum  teat,  and  IIeli.bu's  or  Hbi.ler-Tkichmann's  test. 

Microscopic  Investigation.  The  blood -co  qmsclee  may  remain  nndiseolved 
for  a  long  time  in  acid  urine;  in  alkaline  urine,  on  the  contran,%  they  are 


■  Juliet,  Bet.  <l.  deulscb.  oliom.  Qescllacb.,  Bd.  80;  Knll  nm)  M.itlhcsL.  DvainA. 
Atcb.  I.  kllD.  ilviX..  Bd.  54;  EolUcli  »ud  BuciiLO.  Ztil^chr.  f.  Lliii.  Med..  Bd.  99. 
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easily  changed  and  diaBolred.  The^  often  appear  entirely  nnrhanged  in  the 
sediment;  in  sonte  cases  they  are  dlatended,  and  iu  others  nnequnlly  pointed 
or  jagged  like  a  thorn-apple.  Tn  hemorrhage  of  the  kidneys  o  cylindriciil 
clot  is  sometimes  found  in  the  sediment,  vhiclt  is  covered  with  linnieroii:] 
red  blood-<M>rpuBcloB,  forming  casts  of  the  nrinary  passages.  These  forniu- 
tions  are  called  BLOor»-cA8T8, 

The  gpectroteopic  investigation  is  natnnilly  of  very  great  value;  and  if 
it  be  necesstiry  to  determine  not  only  the  presence  but  also  tlie  kind  of 
coloring  matter,  this  method  is  indispeneable.  In  regard  to  the  optical 
behavior  of  th(>  varioas  hlo<)d-]»igmeat«  we  must  refer  to  Chapter  VI, 

Onaiacum  Test.  Mix  in  a  test-Cabe  equal  Tolunies  of  tinctnro  of 
^aiacnm  and  old  inrpentitte  which  has  become  strongly  ozonized  bv  the 
action  of  air  nnder  the  influence  of  light.  To  this  mixture,  which  must  not 
hare  the  slightest  bine  color,  add  the  urine  to  be  tested.  In  the  jiretienco 
of  blood  or  blood  pigments,  first  a  bhiish-gre«n  and  then  a  beantiful  bine 
ring  appears  where  the  two  licjuide  meeU  On  shaking  the  mixtnre  it 
Incomes  more  or  leRS  bine.  Normal  nrine  or  one  containing  proteid  docs 
not  give  this  reaction.  For  the  explanation  of  this  we  mnst  refer  the  reader 
to  Chapter  VI,  page  143.  Urine  containing  pas,  although  no  blood  is 
present,  gives  a  blue  color  with  these  reagent)^;  bnt  in  this  caso  the  tincture 
of  gnaiacam  alone,  withoat  turpentine,  is  colored  blue  by  the  nrine 
(ViTALi  ■).  This  is  at  least  tnie  for  a  tincture  that  bii^  been  exposed  for 
some  timo  to  the  action  of  air  and  sunlight.  The  blue  color  produced  by 
pus  diners  from  that  produced  by  blood-coloring  matters  by  disappearing  on 
beating  the  urine  to  boiling.  A  urine  alkaline  by  decomposition  must  first 
b«  made  faintly  add  before  performing  the  i-eaction.  Thu  turpentina 
should  be  kej)!  exposed  to  SQuliglit,  while  the  tincture  of  gnatacum  must 
be  kept  iu  a  dark  glass  bottle.  These  reagents  to  bo  of  use  mnst  bo  con* 
trolled  by  a  liquid  containing  blood.  This  test,  it  is  true,  in  positive  results 
ie  not  absolutely  decisive,  because  other  bodies  may  give  a  bine  reaction ;  bnt 
when  properly  performed  it  is  so  extremely  delicate  that  when  it  gives 
negative  results  any  other  test  for  blood  is  superfluons. 

Hellku-Teichmann's  TVjt/.  If  a  neutral  or  faintly  acid  nrine  contain- 
ing blood  is  heated  to  boiling,  we  always  obtain  a  mottled  precipitate 
consisting  of  proteid  und  hiematin.  If  caustit:  soda  is  added  to  the  lnnHng- 
hot  test,  the  liquid  becomes  clear  and  turns  green  when  examined  in  thin 
layers  (dne  to  hffimatin  alkali),  and  a  red  precipitate,  appearing  green  by 
reflected  light,  re-forms,  consisting  of  earthy  phosphates  and  hannatin. 
This  reaction  is  called  Uei-leii's  blood-test.  If  this  precipitate  is  collected 
after  a  time  on  a  small  filter,  it  may  be  nsed  for  the  hwmiu  t«Bt  (see  jmge 
150).  If  the  precipit&te  contains  only  a  little  blood-coloring  matter  with  a 
lai^er  qnantity  of  eartby  phosphates,  then  wash  it  with  dilute  acetic  acid, 


•  See  Mily's  Jabraibcr..  Bd.  18. 
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whicl)  tlis&olrcs  the  earthy  phosphatei),  sod  use  the  reiidae  for  the  prepara- 
tion of  'rKH'nw.'i,N"N''s  Iiii'inm  iTjr'8l.als.  If,  on  the  contrary,  the  amount  of 
phosphates  is  very  small,  then  first  add  a  little  CaCl,  solntioD  to  the  Drine, 
lieut  to  boiling,  and  add  Bioiultaneonsly  with  the  canstic  potash  some 
eoilitim'plioaphaLa  aolutioii.  Iti  the  prosonce  of  ouW  very  small  qiianlitie^ 
of  blood,  tii'st  make  tlie  iiriue  very  faintly  akaiiue  wiih  ammonia,  add 
tannic  aoid,  acidify  with  acetic  acid,  and  \\m  the  precipitate  in  the  prepora- 
tloD  of  the  hGemia  crystaU  (STiturs'). 

HsmatoporphyriE,  Sinoo  the  occurrence  of  haeniatoporpliyrin  iti  the 
xiriuo  in  varions  diseases  has  been  made  Tory  probable  by  several  inresti' 
galon,  sach  as  Nbcsser,  Stokvis^  MAcMtrxN,  Lb  Nobel,  Rcssbl, 
CufKMAN,  and  otherB,*  Salkowski  has  positively  ehown  tlie  presence  of 
this  pigment  in  the  urine  after  siilphotial  intoxication.  It  vraa  firet  isolated 
iu  a  pure  crystalline  state  by  JIammar&tkx*  from  the  arine  of  iiuaoe 
women  after  snlphoaal  intoxication.  According  to  CrAftiton  and  Saillet' 
traces  of  htfinaLoporphyrin  (.Saili.et\s  uroajwctrin)  occur  regularly  io 
nornial  iiriues.  It  is  also  found  .in  the  ariue  during  different  diseaaei, 
although  it  only  occurs  in  small  qauatities.  It  has  been  fonnd  iu  consider- 
able quantitieB  in  the  urine  after  intoxication  with  sulphoual. 

TTrine  containing  hftimatoporpliyrin  is  sometimes  only  slightly  colored, 
while  in  other  cases,  as  for  example  after  the  use  of  eulphonal,  it  is;  more  or 
les:i  deep  red  in  color.  The  color  dcpcuda  in  these  last-mentioned  casec,  io 
greatest  i>art,  not  upon  haimatopurphyriu,  bnt  upon  other  red  or  reddisli- 
brown  pigments  which  have  not  been  sufUciently  stndied. 

In  the  detection  of  small  qnantitiea  of  h»matoporphyrin  proceed  as  eng> 
gesteil  by  (tAitKOi).  PrucipiUite  the  urine  with  a  10^  caustic-soda  solntioa 
(20  c.c.  for  every  100  c.c.  urine).  The  phosphate  precipitate  containing 
the  pigment  is  disaolved  in  alcotiot  liydrocliloric  acid  (lS-*^Oc.c.)  and  the 
solution  investigated  by  the  epectroscope.  In  more  exact  investigation 
make  the  solntlou  alkaline  with  anwnonia,  add  enough  acetic  acid  to  di£r 
solve  the  jiliospliate  precipitate,  shake  with  chloroform,  which  takes  up  the 
pigment,  aniL  test  this  sohitiou  witli  the  spectroscope. 

In  the  presence  of  larger  quantities  of  htematoporphyrin  the  urine  is  first 
precipitated,  according  to  Salkowski,  with  an  aLkliue  barium-chloride  soId- 
tion  (a  mixtnre  of  oqiml  volLimes  of  barium-hydrate  solution,  saturated  io 
the  cold  and  a  10^  barium-chloride  solution),  or,  according  to  IIammabtses.* 
with  a  barium-acetate  solution.     The  woiihed  precipitate,   which  contaiiu 


'  ZcllBchr.  f.  unnl.  Cbeiii..  Bd.  11. 

*  A  veiy  complete  Emks  af  Iho  liicmturc  uu  lia'tnntoporpliyrio  iu  tbe  urine  niajr  bt 
fnuDi]  hi  II.  Zoja,  S'U  qualcho  pigmeulo  Jl  alcuno  urfno,  etc.,  ia  Arch.  Ital.  dl  cHo. 
Mod..  1SSS. 

'  Snlkowslci.  Zdiscbr.  f.  pbyslal.  Cbem.,  Bd.  1$;  Himnuimeo.  Skaad.  Arcb.  f. 
PhyktoK.  K>l.  8. 

*  Garrod.  .Tourn.  nf  Pliyslol.  Vols.  IB  (oodUIdi  review  of  lUcnture)  and  17  ;  Skill 
lleviie  de  m^dedoe,  Tome  16. 

*  fialkowiki,  I.  c. ;  Hnmmftnteu,  1,  c. 


MKLAAIN  AND  I'VS. 


**? 


the  liKinatoporplijrriii,  is  allowed  to  atiind  some  time  «X  the  teniperntitro  of 
the  room  with  alcohol  contuitiiii^  lijilrocliloric  or  snlphuric  acid  and  iIicei 
tillered.  The  liitiuto  shows  the  cliaructeriiitic  EpecLnim  of  lia^matoporpliyrin 
in  acid  M>lutioii,  and  giveii  tho  epectrum  of  idkalino  biutnatoporplivriii  after 
Baturation  with  amnioniii.  1(  the  alcoholic  solution  is  mixed  with  chlcro- 
form  and  a  large  quantity  of  water  added  and  cat'efully  shaken,  eonietinies 
a  lower  layer  of  chloroform  ia  obtained  which  containa  very  pure  hft^mato- 
porphyrin,  while  the  upper  layer  of  alcohol  und  water  contains  the  other 
pigments  besideit  some  hn-nmtoporphyrin. 

Other  metlioiU,  wiiii.-)i  have  no  aitvntitnge  over  GAnnou's  method,  hare  lieeo  sag- 
gesltd  by  Riva  and  Zoja  u  well  as  Saillkt.' 

liATHSTAKK*  fuuiiil  ID  A  cnEe  of  luptxN-y  two  cliATacIorlstic  coloring  malters  In  the 
urine,  "  uronihmliii'mmln  ■*  niid  "  orofiiwohipniftlfH,*' wlilcli.  n«  tlieir  nnnics  tDdicBle, 
acem  to  Kluiiil  ill  cliFsu  rdaltousliip  to  ihe  bloocl-culoiiag  mauere.  Vranibrehamatm, 
CtdlitNiFeiO,, ,  roiiiiniiiN  Iron  am)  nhnws  In  aritt  Bnliitlon  au  absorpiioik'tiRnfl  tn  front 
o(  D  and  u  Ijroad'  r  one  back  of  D.  lu  alkaline  Bolviilnu  II  showa  fuiir  hands — lieliind 
J),  Bl  S,  beyouil  y,  aud  l>eliiiiii  (f.  It  i*  not  solulile  eiitier  lu  water,  alcohol,  ether,  or 
chloroform.  Il  giTcs  n  bcmiUful  Imiwulsli.red  npii-dlchroltlc  liquid  with  alkaltcfl. 
Vrofumohtnnati».  Ci.I[>.>N.4>,. .  wlijcli  ja  free  frnin  iron,  nlinWH  no  charncleiiBtJc 
ipeetrum  :  Itdlstuilves  lu  alkuUeic,  |iru(ludiii;  a  btown  rotur.  It  remalat  to  be  proved 
vrbellier  (hew  two  pignieatu  ai«  related  to  (ioipuie)  tiiEDiatoporpbyriD. 

Kelanfn.  Iti  (lie  prVMrniCi'  nf  [iielnnollr  riiiii-crs  ilnrk  plgiiu-ntH  iire  smiiotlmea  ellm- 
lOKted  Willi  the  urtne.  K.  JlnKSKU  liu«  iftululcil  two  pigmeois  from  such  a  urine,  of 
wliicL  one  vena  siiluljle  in  »'uiiii  W-l'rt  uct:tlc  ai-iil.  tui>l  Xbv  nlhei.  ou  (hi;  contrury.  wh» 
Inoluble.  The  oik  sccnicd  I"  be  ptiynuWyrlniBvi  (mt  Chnpicr  XVI).  Vsually  [lie  urine 
does  Dot  coutain  any  miOmuii.  but  a  <!lironi»j;eii  of  lueinnin,  a  melawvfn.  In  mieli 
CAse^  Ibc  iiriuo  gitKn  EiHKLT'f)  reai'tiua.  bi'coTnluj;  liiirk-eulurecl  wUb  oxidlzlnj;  ai:L-iita 
■ucb  aa  coDceuirate  iiitiic  a<-iil.  potntsiiim  bEcbramate  and  aulpbitrfc  acid,  as  well  as 
wilb  free  sul|)burit:  n<;It],  rHiii:  eimlaluirif;  iiieliuil)  or  mclauoj^u  Is  (.t)lared  black  by 
ferrfc-ctiloridc  solution  (r,  .lAKRcn*). 

Uioroaaln.  so  Dumcd  by  Nkncki,*  Is  a  urinary  coloring  matter  occurring  in  various 
dlw.-tHea.  ttiit  wblch  tn  imc  II  coii^iitui'tit  dT  noininl  urine.  Tlie  [il^ineiit  df)«H  nol  occur 
preformed  lu  the  urine,  but  first  luuke*  Us  appeaniiiceafterihc  adaillonof  ndneraladdH. 
It  is  readily  soluble  in  water,  dilute  mineral  acidfl,  ethyl  and  amyl  alcohol.  It  hi 
remoTcd  from  tbc  acid  urine  by  shaking  with  aniyl  alcohol.  It  differs  frciu  ludtgored 
tn  the  fijUowiiie:  Alkalies  iunieduilely  ilca>lorizeaur(truaeiu  solutluo,  but  iiotnn  indign- 
red  xoliition.  XJroroieln  is  reino»rd  from  llaaniyl-alcohol  solultnn,  bv  tdiiitclng  with 
dilute  alkali,  while  ]udlgo>red  Ih  mi't.  If  tlie  acid  urine  1h  abakLii  wftlt  cblortdurm, 
Indlgo-red  Is  laker  up,  but  ni>t  uroitMein.  UrornMn  Is  M>an  deroiiinoiM.'d  by  tigiil  and 
shows  a  sharply  defined  absorption -bnocl  between  D  and  K.  The  red  pJBraeiil  appear- 
ing in  urinea  rlcb  in  skalol  after  Ihe  uriditiim  uf  bydmelduric  acid  ditfeni  from  uitiroseiu. 
by  licing  insoluble  Id  water,  but  being  readily  soluble  In  i-llierand  cliloroform. 

Pui  occurs  iu  the  urine  in  different  inflammatory  affectionB,  especially 
in  cttlarrli  of  the  bladder  and  in  inflammation  of  the  pelvis  of  llie  kidneys  or 
tlio  urethra. 

Fu3  is  best  deteHed  r)y  means  of  tho  microacopo.  The  pus-cells  aro 
rather  easily  destroyed  in  alkaline  urines.  In  dpt^ctiiifj  pus  wo  make  nae 
of  Donne's  pns-iesl,  which  Is  performtnt  in  thu  following  way:  I'nur  (i.**  ilio 
urine  from  the  sodiment  as  carefully  as  possible,  place  a  amull  piece  of 
caustic  alkali  on  the  eediment,  and  stir.  If  the  pus-cells  have  not  been 
previoasly  changed,  the  Bodiment  is  converted  by  tliis  moanit  int^i  a  slimjj 
tough  mass. 


■  ftirik  and  Zoja.  Maly's  Jahrcsl>er.,  Bd.  M  :  BafllM.  I.  c. 

•  Pnagei-'s  Arch,,  lid.  9. 

•  K.  MOrner,  7-cii»chr.  f.  phyilol.  Chem..  Bd.  11  ;  t.  Jaksch,  ibid..  Bd.  18. 

•  Mencki  and  Biel>er.  Joum.  f,  onkl.  Cbem.  (N.  F.>.  Bd.  36. 
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The  pua-cdrpusclea  ewell  ap  in  alkaline  uriuee,  dissolve,  or  at  least  are 
3n  vliaiigL>ii  tliiit  th<ry  cuiinot  Ixt  rcrag[iizc'<]  iiiider  tliu  iiiit'ms<TO]>o.  'I'be 
urine  in  thoKe  cases  is  moro  or  less  slimy  or  fibrous,  and  it  in  prccipitater)  in 
large  Hakes  by  Hcetic  aoid.  so  tbut  it  may  possibly  be  mistuken  for  mucin. 
Tlio  closur  LiivcsLigatiDn  of  tho  precipitHtc  proiluccl  by  aufttio  »oii),  luid 
espuciolly  tho  apppunmco  or  non-appeiinmce  of  a  rednciQg  substance  nfter 
boiling  It  wiUi  n  itiiiienil  lu.-id,  duinonstniti's  the  uuture  of  tbo  precipitnted 
substaiice.     Urine  containing  pus  always  contains  proteid. 

Bile-acids.  The  reports  in  regard  to  the  occurrence  of  bilo-iicidi 
in  the  urine  nriiier  ]>liysiological  fonditions  do  not  agree.  According  to 
DRArfEKDOBFi'  and  HuSk  tnioes  of  bile-aoids  occur  in  the  urine;  wcconling 
to  Mackay  and  v.  Udu&nszky  and  K.  Morker*  tliey  do  not.  Patho- 
logically tbey  are  preeiont  ia  the  urine  iu  liei>utogenic  icterus,  although  not 
inTari^bly. 

Detection  of  fiile-acidi  in  /he  Uring.    Petteskofer's  test  gives  tho  most 

decisive  ruuctiuii;  but  n&  it  gives  similar  color  reactions  with  other  bodies,  it 
mnst  be  »u]>plemented  by  the  spectroscopic  investigation.  The  direct  t««t 
for  bile-acids  is  cjvsy  afWr  the  mUIition  of  traces  of  bile  to  a  norniiil  nrine. 
Hut  tUo  dirwit  detection  in  a  coloro<l  icteric  urine  ia  more  iliflit-.iill,  Jind  giTOS 
very  misleading  results;  the  bile-ncid  mnst  tlicrcfore  always  lie  isolated  from 
thy  urjtif.  This  may  bo  done  by  tho  following  method  of  IIoppe-Skvleb, 
which  is  slightly  modified  in  nop-es^ntiid  points. 

Uoppe-Seylek's  METiion.  Concentrate  the  urine,  and  extract  the 
residue  with  strong  alcohol.  The  filtrate  is  freed  from  alcohol  by  evap- 
oration aud  then  precipitated  bv  basic  lead  acetate  and  ammonia.  Tbe 
wat^hetl  prccijiiLate  is  tr(.';ited  witEi  boiling  uluohol.  filtered  hot,  tlie  filtratr 
treated  with  a  few  drops  of  soda  aolutiou,  and  evaporated  to  dryness.  The 
dry  residue  ia  extracted  with  absolute  tdcohoL  filtered,  aud  an  excess  of 
ethur  added.  The  amorphous  or,  after  a  longer  time,  crystalline  precipitAte 
consisting  of  alkali  salts  of  tho  biliary  acids  is  ust;d  iu  performing  Pettex- 
kofkr's  test. 

Bile-coloring  matters  occur  in  the  urine  in  different  forms  of  icterus. 
A  iiriue  coiiiainiug  bile-pigmeuts  is  always  abnormally  colore<l — yellow, 
yellowish  brown,  deep  brown,  greenish  yellow,  greenish  brown,  or  neaHj 
pure  green.  On  shaking  it  froths,  and  the  bubbles  are  yellow  or  yellowish 
greeu  in  color.  As  a  rule  icteric  urine  is  somewhat  cloudy,  and  the  sedi- 
ment is  froqneutly,  especially  when  it  contains  epitlieliiim-cells.  rather 
strongly  colored  by  the  bile-pigments.  In  regard  to  the  occarrence  of 
uro'jilin  in  icteric  urine  see  page  ■iSG. 

Detection  of  Bile-coloring  Matters  in  Urine.  Many  t«8t<  have  been  pro- 
posed for  the  doteclion  of  bile-coloring  matters.  Ordinarily  we  obtain  the 
best  restdts  either  with  Ghelin's  or  with  Uuppebt's  test. 

Gmemn's  (est  may  be  applied  directly  to  tbe  urine  ;  but  it  is  better  lo 
use  KoSEKBACti's  modification.  'J'hrough  a  very  small  filter  filter  tb« 
urine,  which  in  deep-colored  from  tho  rutaiued  epithelium -cells  and  bodies 


'  Cited  from  nuppeTt-N«iib«iu«r,  Hftra-Analjie,  10.  Aufl.,  B. 
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of  thiit  DAtiire.  Aft«r  the  liquid  has  eotirelj  passed  through  apply  to  the 
inside  of  tlio  CUci'  a  drop  of  uitriu  acid  whidi  contains  only  vltv  little 
iiitroiiB  acid.  A  pale-yoUow  epot  will  be  foniiod  wliicli  is  surnniuded  by 
colored  riuga  which  appear  yellowish  red,  violet,  blue,  mid  given  fmm 
withiu  outward.  ThtH  iiiCHlificutioii  ih  very  delicate,  and  it  is  liurdlv  possi- 
ble to  miatake  irdican  and  other  coloring  matters  for  the  hile-pigincDts. 
Seveml  oilier  moditications  of  GsiiiL.iN's  dirert  test,  e.g..  with  couccntnited 
sulphuric  acid  and  nitrute,  etc..  have  Iicoii  proposed,  but  tliey  are  neither 
tiimplev  uor  itjoro  delioiitc*  tlinn  KosENRACirs  inodificatiou. 

Hii'fKKT's  Heaclion.  Iji  a  durk-coloreil  uriue  or  oiio  rich  in  iiidican 
we  do  not  alwaya  obtain  good  reiuUd  with  (Jmklin's  test.  In  such  ea^es*, 
as  alsu  in  urinifs  containing  blood-coloring  matters  at  the  same  time,  tho 
urine  is  tr&*ted  with  lime-water,  or  first  with  some  CaCI,  solution,  and  then 
with  a  Bolution  of  soiJa  or  ammoniutn  earbonate.  The  precipitate  which 
contains  the  bile-coloring  malters  id  fillored.  wafihcd,  (HbsoIvc^  in  alcohol 
wliich  contains  5  c.c.  concentrated  hydrochloric  acid  in  100  c.c.  (I.  Ml'XK  '), 
and  healed  to  boiling  when  the  solution  becomes  green  or  hUiish-green. 

lUiiMAKSTRN'ts  Reaction.  For  ordinary  cases  it  is  ButBcicnt  to  add  a  few- 
drops  of  the  urine  to  ahnut  2-3  c.c.  of  tho  reagent  (see  page  2:15),  when  tbo 
mixtare  immediately  after  sbaking  turns  a  beautiful  green  or  bloieh  green, 
which  remains  for  several  days.  h\  the  presence  of  oidy  very  email  qmin- 
tities  of  bile- pigments,  cBpecially  with  blood  or  other  pigments  at  tho  saine 
time,  pour  about  10  c.c.  of  the  acid  or  nearly  nciitnd  (not  alkaline]  urine 
into  the  tube  of  a  small  rentrifugal  machine,  and  add  llaC'l,  solution  and  cen- 
trifuge for  about  cue  miuute.  The  liquid  is  decanted  oil  and  the  sediment 
stirred  with  about  1  e.c.  of  the  reagent  and  ccntrifuged  again.  .\  btwiiLifiit 
green  solution  is  obtained,  which  may  bo  changed  by  tlic  addition  of  in- 
creaAed  quantities  of  tlio  acid  mixture  to  blue,  violet,  red.  and  reddish  yel- 
low. The  green  color  may  be  obtained  in  the  presence  of  1  ]»ort  bile-pig- 
ment in  500, UOO-J, 000,000  parts  urine.  In  tho  presence  of  large  amounts 
of  other  pigmenta  calcium  chloride  is  bettor  suited  than  Itarium  chloride. 

The  very  delicate  reaction  as  suggested  by  Jolleu  is  unfortunately  not 
serviceable  on  iK-count  of  the  formatiouof  froth,  e8i>ecially  in  the  |^re8cnce  of 
protcid  and  blootl-pigmentd. 

Stokvis's  rfaction  is  eflpecially  valuable  as  a  control  test  in  those  cases 
in  which  the  urine  contains  only  rer>'  little  bile-coloring  matter  together  with 
larger  quantities  of  other  coloring  matters.  The  test  is  performini  as  fol- 
lows: 2i>~30  c.c.  urine  is  treated  with  5-10  c.c.  of  a  solution  of  zinc  ace- 
tate (1:6).  The  precipitate  is  washed  on  a  small  filter  with  water  and  then 
dissolved  in  a  little  ammonia.  Tho  new  fiUi-ale  gives,  either  directly  or  after 
iL  bus  stood  a  short  time  in  the  air  uutil  it  has  a  peculiar  brownish-green, 
color,  the  absorption-bands  of  bilicyanin  (see  page  235).  This  rcmction  ia 
unfortunately  nut  autliciently  delicate. 

Many  other  reactions  for  hilc-coloring  matters  in  the  urine  have  lieea 
proposed;  but  as  those  al)Ove  mentioned  are  sufficient,  it  is  perhaps  only  neo- 
to  give  here  a  few  of  tho  other  reactions,  without  entering  into  details, 

Ui.Tzuaxn's  Ttaelion  cODiUlt  lu  treating  about  10  c.  c.  of  the  urfrie  nllb  3-1  c.  c. 
eoiiceiilraietl  ciauMlc-putuili  Hubition  anil  tbvu  Bcidlfyiiig  with  hydrucUluriu  ncid.  Tlia 
Urliie  will  t>M;oR)e  k  beautiful  green. 

tJHiTu'H  Reaction.     I'our  ciirtfully  over  the  urine  tlnctur«  of  lodloe.  wbercby  a  green 
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r{t])C  ivp|>(>ars  bc'twceu  Ujo  two  liquids.  Tou  may  bIbo  sliake  Uie  urine  wlili  Uncturi:  of 
Iodine  tinlU  li  lias  a  green  color. 

EiticMcii'a  Ti'tt.  Fintt  mix  the  uHu«  witli  nii  vquu)  Tulume  of  iliiuie acetic  acid  aod 
llien  a<]il  drop  liy  drop  n  stilullou  or  Bulpbo-(lfnz4>benz«l.  The  acid  mlxiure  b«oouiM 
lUrlf  red  in  llic  proiouco  of  btllirublD.  aud  this  Ci>loi  tHComea  bluUb  violet  on  iti»  iidtiU 
ilciD  of  xUcUl  ncetic  ncid.  The  a11Inbn-1lia20l1en7.nl  Is  prepared  wdli  1  gnn.  stilpluinillc 
ucid.  la  c.  c.  bydrocliloHcacld,  una  0.1  grm.  sodium  Dltrfte;  lliU  solulloo  ladlliiled  to 
1  Ktrc  with  water. 

MKDtciifAt.  coLoniHQ  UATTER8  producctl  from  nantooli),  rhub&rb.  fteana,  etc.,  may 

f;tre  an  aliooriiial  color  to  ibi;  iiriue  whkli  itiiiy  hv  iiiislaketi  Tor  bik'>c(i|oring  mnltersor, 
n  ntkiiline  iinoeg.  iwrliups  for  blood-coluritif;  mutters.  If  hydrocbtoric  add  is  added  10 
Hiiub  11  iirliic.  il  bcconivs  yellui?  or  pale  yellow,  wlille  on  ttic  wldltioQ  of  an  excess  of 
alluili  it  beconiM  v,  more  ot  has  beautiful  red. 


Sugar  in  Urine. 

Tho  ocpurrecce  of  traces  of  grape-sngar  in  the  urine  of  perfectly  healthy 
persons  has  heen,  as  above  stated  (page  459),  quite  poeitirolv  pro\-ed.  If 
Bugar  appears  in  the  uriuc  in  constant  and  especially  in  large  qnautiiiee.  it 
must  be  conaiderod  as  an  nbuomml  constituent.  We  have  givea  in  a  pre- 
vious chapter  Beveral  of  the  jtrincipul  causes  uf  glyeoauns  in  man  and 
animals,  and  vre  I'cfer  the  reader  to  (.'hapters  VIII  and  IX  for  the  ceseutial 
facts  in  regiinl  to  tho  iippejiranue  of  sugar  in  the  urine. 

Id  man  the  appearance  of  glucose  in  the  nriuo  has  been  obeerTed 
under  various  pathological  conditions,  such  aa  lesions  of  tho  bmin  and 
especially  of  the  meilulla  oblongata,  abnormal  circulation  in  the  abdomen, 
dtseaaet)  of  tho  Itoart,  lungs,  and  Uvor,  c}iolera,  and  many  other  diseases. 
The  continued  presence  of  sugar  in  human  urine,  sometimes  ia  Ten 
considerable  quantities,  uccnrs  in  dxauktes  M£llitl'3.  In  this  diwase 
there  niuy  he  an  elimination  of  1  kilogramme  or  e<rcn  more  of  gn^te- 
sngar  per  d.ay.  In  the  beginning  of  the  disease,  when  the  qnantity 
of  sugar  is  still  ror}'  small,  tho  urine  often  does  uot  appear  abuornial. 
In  more  developed,  typical  cases  the  quantity  of  urine  voided  increases 
considerably,  to  .1-6-10  litres  per  day.  The  percentage  of  the  phjsi* 
ological  constituents  is  as  a  rulo  very  low,  while  their  abeolate  daily 
quantity  ig  increased.  The  urino  is  pale,  but  of  a  high  specific  gravity, 
1.0;i0-1.040  or  even  higher.  The  high  specific  gravity  dop<;nds  upon  the 
quantity  of  sugar  present, — which  varies  in  different  cases,  but  may  be  u 
high  as  10^.  The  urine  is  therefore  characterized  in  typical  cases  of  dia* 
betea  by  tho  very  targe  quantity  vmded,  by  the  pale  color  and  high  specific 
gravity,  and  by  its  containing  sugar. 

That  tho  urine  after  the  introduction  of  certain  medicines  or  poiaonoos 
bodies  into  tho  system  contains  reducing  bodies,  conjugiitcd  glvcononic 
acids,  which  may  bo  mistaken  for  sugar,  has  already  been  mentioned. 

The  properties  and  reactions  of  glucose  have  been  treated  of  in  a  pn- 
vioua  ciiupler,  and  it  rematns  but  (o  meriUun  the  methods  of  detecting  aitd 
qnantitattvely  detenniiuag  glucose  ia  the  urine. 


BUOAn. 


497 


7  he  deiecfiOH  of  sugar  in  tlie  urine  is  ordinarily,  iu  the  presence  of  not 
too  small  qnantitios  cf  sugar,  a  very  simple  task.  The  presence  of  only  Tt-ry 
small  quantities  may  make  ita  Jctection  sometimes  very  difficiilt  and  labori- 
ouii.  A  urine  coiLUiiiiing  proteid  must  first  liavi>  tlie  proteid  renjoverl  by 
coagulation  with  acetic  acid  and  heat  before  it  can  be  tested  for  6U£:ar. 

The  testa  which  are  most  frequently  employud  and  are  especially  recom- 
mended are  a&  folloirs: 

Troumeb's  Test.  In  n  typical  diabetic  urine  or  one  rich  in  sugar  this 
test  succeeds  well,  and  it  may  ba  performed  in  the  manner  snggestcd  on 
page  81.  This  test  muj  lead  to  very  great  mistakes  iu  urines  poor  in  sugar, 
especially  vhen  they  have  at  the  same  time  normal  or  increased  amounts  of 
physiological  constituents,  and  therefore  it  cannot  be  recomniendod  to  phy- 
sicians or  to  persons  inexperienced  in  such  work.  Xonnal  urine  contains 
reducing  substances,  such  as  uric  acid,  creatinin,  and  others,  and  therefore 
a  reduction  takes  place  with  all  urine  on  nsing  this  test.  Wo  do  not  geuerully 
have  a  separation  of  cop))cr  suboxide,  but  still  if  we  vary  the  pro|)ortion  of 
the  alkali  to  the  copjtcr  »ul]ihate  and  boil,  we  otten  have  an  actual  separation 
of  euboxido  in  normal  uriiica,  or  wo  obtain  a  peculiar  yollowish-rcd  li(|uid 
due  to  finely  divided  hydrated  suboxide.  This  occurs  especially  on  the  addi- 
tion of  much  alkali  or  too  mucli  cojiper  sulphate,  and  by  careless  ntani]nila- 
tion  the  inexperienced  worker  may  therefore  sometimes  obtain  apparently 
positive  results  in  a  normal  urine.  On  the  other  hand,  as  urine  contains 
substances,  such  as  creatinin  and  ammonia  (from  the  urea),  which  in  the 
prettsce  of  only  little  sugar  nifiv  keep  the  copper  suboxide  in  solution,  be 
may  easily  overlook  small  [|iianlities  of  sugar  tliat  may  be  present. 

Tkoiimer'3  test  may  of  rour.ao  be  made  poaitivo  and  useful,  even  in  the 
prosenco  of  very  small  quantities  of  sugar,  by  using  the  modifiealitin 
suggested  by  Worm  AICllrk.  As  this  modification  is  rather  complicau>d 
and  requires  much  pnicticu  and  oxuctuea.'i,  it  is  probably  raiicly  employed  by 
the  busy  physician.     The  following  test  is  to  be  i>referred. 

Ai.uen's  bisTHuih  te:ft,  which  recently  has  been  incorrectly  colled 
Nti.ant>eb*8  test.  IS  porromiod  with  the  alkaline  bismuth  solution  i)reparcd 
w  above  described  (page  81).  For  each  test  10  c.c.  of  urine  is  taken  and 
treated  with  l  u.o.  of  ihi!  blHinnth  Ktdiition  and  boiled  for  a  few  minutes. 
In  the  presence  of  sugar  the  urine  becomes  darker  yellow  or  yellowish 
brown.  Then  it  grows  darker,  cloudy,  dark  brown,  or  nearly  black,  and 
non-transparent.  After  a  longer  or  shorter  time  a  black  deposit  appears, 
the  supernatant  liquid  gradually  clears,  but  still  remains  colored.  In  the 
jiresence  of  only  very  little  sugar  the  test  is  not  black  or  dark  Virown,  but 
simply  deeper- colored,  and  not  uutil  after  some  time  do  we  see  on  the  upper 
layer  of  the  phosphato  precipitate  a  dark  or  black  edge  (of  bismuth?). 
In  the  presence  of  much  sag&T  a  larger  amount  of  reagent  may  be  used 
without  disadvantage.  Iu  a  urino  poor  In  BUgur  we  must  use  only  I  c.c.  of 
the  reagent  for  every  10  c.c.  of  the  urino. 

This  test  shows  the  presence  of  0.5  p.  m.  sugar  in  the  nrine.  Tlio 
sources  of  error  which  interfere  in  Trdmmer's  test,  soch  as  the  presencf  of 
uric  acid  and  ereatiniu,  entirely  dis-ippear  in  this  test  Tlie  bismuth  test 
ia,  besides,  more  easily  performed,  and  it  is  therefore  to  be  rocommeudetl  to 
the  physician.  Small  quantities  of  proteid  do  not  interfere  with  tiiis  test; 
large  quantities  may  give  rise  to  an  error  by  forming  hismutli  sulphide,  and 
therefore  must  be  removed  by  coagulation. 
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Ill  using  this  method  it  must  not  be  orerlooked  that  it  is,  like  Troumer's 
test,  a  rcJuction  test,  and  it  couscqncntly  may  show,  beeidefl  sugar,  certain 
other  niducing  substnnccg.  Such  bodies  aro  varions  conjngated  glycuronio 
acida  wliich  may  apjienr  in  the  iirinc.  Positive  rcaulte  hnve  been  obtained 
with  thu  bisinuUi  U-st  on  uririt*  afti>r  the  tjse  of  several  mfdicines,  sucb  as 
rhnbarb,  eenua,  autipyrin,  kuiriu.  sulol,  tiirpeutiuc.  and  otbcrs.  From  Urn 
it  follows  timt  wc  should  novmr  be  EutisCied  with  tins  tc«t  alone,  f'spocially 
vhen  the  redurtion  is  not  very  gi'oat.  When  this  test  gives  negatire  reenlts 
ve  can  consider  thu  urine  an  freo  from  sugar  from  a  clinical  standpoint,  and 
when  it  gives  positive  results  other  testa  roust  bo  applied.  Among  lhe« 
the  fermeutation  test  is  of  speiiial  vulue. 

Ferwentation  Teat.  On  using  this  test  we  must  proceed  in  various 
vajB,  according  us  the  bismiitli  test  iihows  Bmall  or  large  cpiantities.  If  & 
mthyr  strong  reduction  is  obtained,  tho  urino  may  bo  treated  with  T«aBt  and 
the  presence  of  sugar  detemiiaed  by  the  geueratiou  of  carbon  dioxide. 
In  ttiiet  va&Q  tlio  acid  urino,  or  thiit  faintly  atndilieil  with  tartaric  acid,  is 
treated  with  yeast  which  has  prcviou»^ly  been  washed  by  decantation  with 
water.  Pour  this  urine  to  which  tlie  yeast  has  lieen  added  into  a 
Sf^HHnTTER'a  gas-burette,  or  glass  tubo  with  tho  o]>en  end  ground,  close 
with  the  thumb,  and  open  under  tho  surface  of  mercury  contained  ia 
a  dish.  As  the  fermentation  proceeds,  the  carl>on  dioxide  collects  in  the 
nppcr  part  of  the  tube,  while  a  corresponding  quantity  of  liquid  is  expelled 
bolow.  As  a  control  in  this  ciiso  two  similiir  ict^ts  must  be  made,  one 
with  normal  urino  and  yeiist  to  learn  tho  quantity  of  gaa  usually  developed, 
and  the  other  with  a  sugar  solution  and  yeast  to  detoruiine  tho  activity  of 
the  yoast. 

If,  on  the  contrary,  we  Snd  only  a  faint  reduction  with  the  bismuth 
test,  no  ]io8itivo  couclusiou  can  bo  drawn  from  tho  absence  of  any  carbon 
dioxide  or  the  appearance  of  a  very  insignificant  quantity.  The  urine 
absorbs  eonsidernlilc  aniounta  of  carbon  dioxide,  and  in  the  presence 
of  only  insigniticant  quantities  of  stigar  the  fermentatiou  tejtt  as  above 
performed  may  k'lwl  to  negative  or  imu-curato  results.  In  this  case 
proceed  in  tho  following  way:  Trcjit  the  acid  urino,  or  the  nrine  which  bu 
been  faintly  acidified  with  tartaric  acid,  with  yeast  whoso  activity  has  been 
tested  by  a  s|>ecial  tost  on  a  sugar  solution,  and  allow  it  to  stand  2-4—48 
hours  at  tho  temperature  of  tlio  room,  or,  better,  at  a  little  higher  tem- 
perature. Then  test  iiguin  with  the  bismuth  lest,  and  if  Uie  reaction 
now  gives  negative  results,  then  sugar  was  previously  present.  But  if  th« 
reaction  continues  to  give  positive  results,  then  it  shows — if  tho  ye«st 
is  nctive~tho  presence  of  other  reducing,  unfermentablo  bodice.  Tbere 
remains  of  course  the  possibility  that  the  urino  also  contains  somo  sugar 
beeides  these  bwlies.  This  possibility  may  be  dotermtned  by  the  follow- 
ing test: 

PheityUimhazin  Tent.  According  to  V,  Jakscti  this  teat  ia  performed 
in  the  following  way:  Add  in  a  test-tube  containing  8-10  c.c.  of  the  urine 
two  knifu-pniiita  of  phetiylhydrazin  hydrochlorido  and  three  kutfe-points 
sodium  acetate,  and  when  the  added  salts  do  not  dissolve  on  wanning  add 
more  water.  Tho  mixture  is  heated  in  boiling  water,  and  kept  there  for  one 
honr  to  avoid  a  confusion  with  phenylhvdnutin-glycuronic  acid  (v.  Jaksch 
md  HiascHij).  The  test  is  then  jilaceii  in  a  beaker  full  of  cold  water.  If 
the  qnautity  of  sugar  present  is  not  too  small,  a  yellow  crystallins  precipitate 
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\b  nov  obtained.     If  the  precipitate  appears  amorphous,  there  are  found,  on 

looking  at  it  under  the  microscope,  yellow  ueedlea  singly  and  in  groujis.     If 

very  little  sugar  is  present,  pour  the  test  into  a  conical  glass  and  examine 

the  sediment.     In  this  oiL'e  nt  lejwt  a  few  ]i]ieiiy]^'hu!osazoiie  crystiils  are 

found,  while  the  occurrence  of  larger  and  smaller  yellow  plates  or  higlily 

refractive  brown  globules  docs  not  show  the  presence  of  sngar.    According  to 

V.  jAKScn  this  reaction  is  very  reliablo,  and  by  it  the  prcseneo  of  0.3  p.  ni. 

[sngjir  can  he  detected  (Rosenueku,  Gkvkh').     In  doubtful  cases  where 

•ccrUiinty  13  desire"!,  prt'piire  the  rryslMls  fnitu  n  large  (pinnlitv  of  iirino, 

Ediseolre  them  on  the  filter  by  pouring  orer  thorn  hot  alcohol,  treat  the 

'  Rltnitc  with  water,  and  hoil  off  the  alcohol.     If  the  characteristic  yellow 

cryMlallina  needles,  whose  melting-point  (204-205"  {'.)  is  also  dctormincd, 

are  now  obtained,  then  tliis  test  is  decisive  for  the  presence  of  sngar.     It 

niiLst  not  ho  forgotten  Ihut  levulose  gives  the  kuiikj  osaznno  as  grape-Bugar, 

and  that  a  further  iurestigation  is  neceBsary  in  certain  cases. 

The  raluo  of  this  test  has  been  conaidenibly  debated,  and  tho  objection 
has  been  made  that  glycuronic  acid  also  gives  a  eimilar  precipitate.  A  con- 
founding with  glyouronic  acid  is,  accoi-ding  to  IIiRst-iiL,  not  to  bo  appre- 
hended when  it  is  not  heated  in  the  water-bath  for  too  short  a  time  (one 
L^iour).  KiSTRRUAXS  found  this  precaution  insuflicient,  and  lions  states 
'that  tho  phcnythydrazin  test  always  gives  a  posllirc  result  with  liunmn  urine, 
which  coincides  with  E.  Uolmokkn's'  experience. 

Hl'BNEB's  Irjst  is  jicrfornifd  na  follows:  The  urine  is  preoipitattwl  by  an 
excess  of  a  concentrated  lead-acetate  solution,  and  the  filtrate  carefully 
treated  with  enough  ammonia  to  prodnw  a  flociileiit  preeiiiitate.  It  is  tliea 
heated  to  boiling,  when  tho  precipitate  becomes  flesh-coloied  pr  pink  in  Uie 
presence  of  sugar. 

Pclarizatiati.  This  test  is  of  great  valne,  espceiully  as  in  nmny  cases  it 
quickly  differentiates  between  grupe-sugar  and  other  reducing,  l»vog3*rate 
Isnbslances,  such  as  conjiigaled  glyr-urnnic,  iM'id.  In  iho  jircsence  of  only 
Terr  little  sugar  the  value  of  this  test  depends  on  the  delicacy  of  the  instru- 
ment and  the  dexterity  of  the  ol»pervcr;  therefore  this  method  is  perhaps 
inferior  in  most  cases  to  the  bismuth  or  the  phonylhy<lrazin  test. 

If  small  quantities  of  sugar  are  to  be  isolatcxl  from  the  urine,  precipitate 

the  urine  first  with  sugar  of  lead,  filter,  precipitate  tho  filtrate  wjib  uni< 

znoniiK^al  biu;ie  lead  :u-eUite.  wash  this  iirceipitate  with  water,  deooitiiiose  ic 

wiih  1I,S  when  suspended  in  watt-r,  concentrate  the  filtrate,  treat  it  with 

strong  alcohol  until  it  is  80  vol.  per  cent,  filter  when  necessary,  and  add 

an  alcoholic  caustic-alkali  solution.     Dissolve  tho  precipiUito  consisting  of 

'Baccharates  in  a  little  water,  precipitate  tho  potash  by  an  excess  of  tartaric 

Ineitl,  neutralize  the  fdtrate  with  caleiiini  e^rbonale  in  tho  cold,  and  iiller. 

Tiio  filtrate  may  be  used  for  testing  with  the  polariscope  as  well  as  in  the 

fermentation,  blsniulli,  and  phenylliydniiiin  tests.     The  presence  of  gnipe- 

igar  may  bo  dctecteii  by  this  same  process  in  animal  fluids  or  tissues  from 

rbich  the  proteids  have  been  removed  by  coagulation  or  by  the  addition  of 

alcohol. 


>  V.  Jakscb,  Kliu.  Diagiioatik.  4.  Aufl..  S.  37S :  RoAcnfeld,  DmlHib.  mrt],  WocJibh- 
KL-lir..  198$  :  Geycr.  cflcci  by  Hnna,  YA-itschr.  f.  pliVRiol.  Clmn..  Bit.  \!i. 

'  Uirficlil,  Zeilsrbr.  f.  pbysiul.  Clieni..  B<1.  14  ;  Kimeimrinu.  Deulacb.  Arcb.  f.  klla.. 
31cd..  Bd.  £0  ;  Hotm,  I  c;  Uolmffreu,  Unly's  Jahreelwr.,  Bd.  S7. 
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In  the  iaolnlion  of  siigur  anO  carliohj Urates  from  tlie  urine  the  benzoic- 
ftcid  esters  of  the  same  may  be  i>reiiared  accordii)p  to  Batmaxx's  methoii. 
The  iirino  is  mode  niknliiio  with  ciuistic  ttoda  to  procipiuuc  llio  earthy  pho*- 
phatee,  llio  filtrate  treateil  witli  4  c.o.  Tx'nzovl  clilorid**  and  40  o.o.  10^ 
catistic-iiuiltt  solution  fur  every  li)0  c.c.  of  tiltrate,  and  shaken  until  the  odor 
of  bcuzoyl  chloride  has  disappeared.  After  standing  sutliciently  long  tlie  nter 
IB  collected,  finely  diTided,  aud  aaponitied  with  an  alcoholic  solution  of 
sodium  ethylate  in  tho  c:olU  aiiconling  to  IlAiscn's  metliod,'  and  the  varioaa 
carbohydrates  8e]>arated  according  to  his  suggestion. 

To  the  i)[iysieian,  wliu  Datiintlly  wanta  simple  and  quick  methods,  the 
bittmiitli  test  is  ea[>cc!ially  to  be  rccrimmendcd.  If  thi^  test  givts  negatire 
rosultit,  the  urine  is  to  be  considered  as  free  from  sugar  in  a  clinicul  sense. 
If  it  gives  ])ositive  results,  the  pri'seneo  of  sugar  must  be  controlletl  by 
other  testjj,  especially  by  tlio  fermetitatiun  teat. 

OiLor  testa  for  siignr,  aa,  for  uxumplv.  the  rvacllon  vith  ortlionitropttenylpropiolle 
BcW.  pirric? Brill,  (lianolienml-sulplinnic  nriri.nre  stip^Tflmms.  Tliereaclion  wfih  a-D&pb- 
tliwl.  whlcli  Is  u  le-iclion  (or  carboliydratt's  In  gent-nil,  for  glycuronlo  uci.l  aud  mucin, 
iiiny.  I)fraiiat3  of  lui  extreme  dcfirncy,  give  rise  to  mialakee.  aur)  \n  tin  n^rore  not  (o  be 
r«c>inin«iided  to  pbyiticiaiis.  Noim'ftl  urioes  gire  Ma  teat,  and  if  the  etrougly  diluted 
iii'itie  gives  tlii«  leaettim  wc  niny  suspect  iho  prcMDceof  large  qu&ntUles  uf  carlJoby- 
dral«s.  It]  t]ie«ecase»  wegL'tmorc  positive  results  by  using  oilier  tests.  This  test  i^uirea 
groit  cleKiiHtii'sa.  iiiid  it  btu  Dm  incnnveiiieuce.  Ibat  U  b  reiydiDiruIt  to  get  snlllcicullr 
pure  sulptuiiic  neid.  ninl  Miinetlin«-ii  liiilced  perfectly  pure  a-nttphihol.  ^vcnd  1dt«iiI- 
giilors.  such  iiB  V.  UnttANriKY.  LcTUEH,  Iloofl  and  TRBUPfii..'  UnreinvestJgaled  tbtilBt 
iu  rtignnl  to  lis  iipplicnbilfly  ils  uti  npproxuimto  teat  fur  ctirbobydniteB  in  tbe  urfDC. 

Quatitifftfire  Ihtfrmination  of  Sngar  in  the  Urine.  The  urine  for  such 
an  esliniatioiuniust  first  be  tested  for  proteid,  and  if  any  he  jiresent  it  must 
be  removed  by  coagulation  and  the  addition  of  acetic  acid,  care  being  taken 
not  tu  increase  or  dimiiiinh  Iho  original  volumo  of  urine.  Tho  quantity  of 
sugar  may  be  dolermiued  by  titkatiox  witli  FEiiLiNr.'s  or  Kxapp'ssoIu' 
tion,  by  peumbntatios,  or  by  polakizatiun,  aud  also  in  other  ways. 

The  titration  liquids  not  only  react  with  eugar,  but  also  with  ccrluiD 
other  reducing  substances,  and  on  this  account  the  titration  raetJiods  gire 
nither  hi.i:li  reftuttfl,  Wlien  large  quantities  of  sugar  are  present,  aa  in  typi- 
cal diabetic  urine,  which  generally  contains  a  lower  percentage  of  normal 
reducing  constituents,  this  is  indeed  of  little  account;  but  when  small  quan- 
tities of  eugar  are  present  in  an  oilierwiBe  normal  urine,  the  nii«tuko  may, 
on  the  cotitrary,  bo  imjwjrtant,  as  tho  reducing  power  of  normal  urine  may 
cornwjiond  to  5  ]>.  in.  grape-sugar  (see  page  460).  In  such  cn^es  the  titration 
method  muat  bo  employed  iu  couuccdoii  with  the  feruieutation  method, 
which  will  bo  described  lalL>r.  It  is  to  be  remarked  that  in  typical  diabetic 
urincawith  considerable  quantities  of  sugar  the  titration  with  F£HU>'o'a 
solution  is  just  us  reliable  aa  with  Kxapp's  solution.  Wheii  the  ariue,  oo 
the  contrary,  contains  only  tittle  sugar  witli  normal  amounts  of  phyaioloei- 
eal  constituents,  then  the  titration  with  Feiiling's  Boltitiou  is  more  diftictut, 
in  certain  oases  indeed  almost  impoBsiblc,  the  results  being  very  uiicertatn. 
In  sucli  cases  Knap?'s  method  gives  good  results,  according  to  Wori 
M0LLBB  and  hie  pupils.' 


•  ZdtMhr.  f.  pbysiol.  Cbem.,  Bd.  19. 

■  Bee  Rous  and  Treiipel.  ZeltM-hr.  f.  pliyriol.  Cbem..  Bdd,  15  u.  W. 

■  PflQgcr'a  Arcb.,  Bdd.  1<  a.  S3 ;  Olto.  Joiiruul  t.  pnku  Cbem.  (N.  P.),  Bd.  M. 
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Tlip  TITRATION  witli  Fkhlino's  solutiok  depeiicld  on  the  power  of 
Bogar  to  reduce  copper  oxide  in  alkaline  solutions.  For  tliis  we  formerly 
employed  a  solotion  whicli  containefl  »  mixlurf  of  cop|Ter  sulphate,  Hoclicllo 
salt,  and  aodinm  or  potusaiuin  hydrate  (Fehlino's  soliiliou);  but  ua  eucli  a 
Boliitiuu  readily  cliaiigea,  we  how  prejMire  u  copper-Bulplmte  eolntiou  and  an 
alkiilino  lioclielle-salt  solntion  Boparatoly,  and  mix  oqnal  volumes  of  the  two 
solutions  before  using. 

The  concentration  of  the  copper-s\ilpha,te  solution  is  sneh  that  10  c.c.  of 
this  solution  is  reduced  by  0.05  grm.  grape-sugar.  The  copper-sal phato 
solution  contains  34. G5  grms.  pure,  crystalled,  uon-effloreoccnt  copper  sul- 
phate in  1  litre.  The  sulphate  is  crystallized  from  a  hot  5aturatc<l  solution 
by  cooling  and  etirriug;  and  tlm  crystals  are  Beparatcil  from  the  mother- 
liquor  and  pressed  between  blotting-paper  until  dry.  The  ]{oeholln-Rfl.lt 
solution  is  prepared  by  di^olving  173  gnns.  of  the  salt  in  ZHO  c.c.  water, 
adding  fiOO  c.c  of  a  CAUBtie-aoda  solution  of  a  epocififi  gravity  of  1.12,  and 
dilating  with  water  to  I  litre.  According  to  Woum  MCller,  these  three 
liquids — Rochelle-salt  Koliition,  cjuistio  soda,  and  water — should  be  separately 
boiled  before  mixing  together.  For  each  titration  mix  in  a  small  Qask  or 
porcelain  dish  exactly  10  c.c.  of  the  copper-sulphate  solution  and  10  c.c.  of 
the  alkaline  Rochelle-salt  solution  and  add  30  c.c.  water. 

The  urine,  free  from  jiroteid,  is  diluted  beforo  the  titration  with  water  so 
that  10  o.c.  of  the  cop])er  solution  re^jnires  between  6  and  10  o.o.  of  tho 
dilnted  urine,  which  cones ]»onds  to  between  H  and  ii  sugar.  A  urine  of  a 
specific  gravity  of  1.0.10  may  be  dil«te<i  five  times;  one  more  concentrated, 
ten  tiroes.  The  urine  8o  drintet]  is  poured  into  a  burette  and  allowed  to  flow 
into  the  boiling  i:-n|ipHr-snlphat.e  and  Knchtdle-Mdl  solution  until  tlic  coppOT 
oxide  is  complolly  rciUiced.  This  has  t^ken  ]iIaoe  when,  immediately  after 
boiling,  the  blue  color  of  tho  solution  diap[>eare.  It  is  very  difficult  and  re- 
quiros  some  practice  to  exactly  determine  this  point,  espcoially  when  the 
copper  suboxide  settles  with  dilticulty.  To  determine  whether  the  color  has 
disappeared,  allow  the  r-oppt^r  t^ulioxido  to  settle  a  little  hflow  (he  meniscus 
formed  by  the  surface  of  tlie  liquiil.  IT  this  layer  is  not  blue,  the  0|)eration 
is  repeated,  adding  0.1  c.c.  le*«  of  urine;  and  if,  afler  the  copjier  guhoiido 
has  settled,  the  liquid  has  a  blue  color,  the  titration  maybe  considered  as 
completed.  Because  of  the  difficulty  in  obtaining  this  point  exactly,  another 
pnd-rttnt^tion  hits  lieen  suggi^ted.  This  consists  in  filtering  immediately 
after  boiling  a  small  [wrtion  of  the  treated  urine  through  a  small  filter  into 
a  test-lnbe  which  contidus  a  little  acetic  acid  and  a  few  drops  of  potaesium- 
ferrocyanide  solution  and  water.  The  smallest  quantity  of  copper  is  shown 
by  a  red  coloration.  If  the  ojierotion  is  quickly  conducted  so  that  no  oxi- 
dation of  the  suboxide  into  oxide  takes  place,  this  end-reaction  is  of  value 
for  urincK  which  are  rich  in  sngur  and  poor  in  urea  and  which  have  heon 
strongly  diluted  with  water.  In  urines  poor  in  sugar  which  contain  the 
normal  amount  of  urea  and  which  have  not  been  strongly  diluted,  a  con- 
siderable quantity  of  ammonia  may  bo  formed  from  the  urea  on  boiling 
the  alkaline  liquid.  This  ammonia  dissolves  tho  suboxide  in  part,  wliioh 
easily  jiassee  into  oxide  thereby,  and  besides  this  tho  diHsolveil  sultoxide 
gives  a  red  color  with  potassium  forrocjanide.  In  just  those  cases  in  which 
the  titration  is  most  diHicnlt  this  end-reiiction  is  the  least  reliable.  Practice 
also  renders  it  unnecessary,  and  it  is  therefore  best  to  depend  simply  upon 
the  appearance  of  the  liquid. 


URfNB. 


To  facilitato  the  BctUing  of  the  copper  suboxide  and  thereby  clearirn, 
liqnid.  Mink  '  has  lately  suggestud  the  addition  of  a  little  calcium -ch  I  oridfl 
Boliitioii  and  boiling  again.  A  procipitute  of  calcintn  tartmte  is  produced 
wliich  carries  down  the  suspended  copper  suboxide  with  it,  and  ibe  color  of 
the  liquid  C!Ui  then  be  hitler  set-ri.  Tliij}  urtili^e  succeeds  in  many  cus«s, 
but  unfortunatelT  there  are  urines  in  M'hicli  the  titration  with  Fkhling'^ 
solution  in  no  way  gives  uxuct  results.  In  those  ciises  in  which  only  smalt 
r|uiit]title»  of  sugar  exist  in  a  urine  rich  in  physiological  eunstiluotits  it  it 
best  to  dissolve  a  very  exactly  weighed  quantity  of  pure  iltxtrose  or  dextrow- 
sodiuDi  chloride  in  tlm  urinp.  Tlie  urine  cmi  u<iw  he  strongly  diluted  with 
water  and  the  titration  is  successful.  The  difference  between  the  added 
sugar  and  that  found  by  titratiou  gives  the  rctluciug  power  of  the  original 
urine  calculated  as  dextrose. 

Tiio  necessary  conditions  for  the  success  of  the  titration  under  all  cir- 
cuinfllances  are,  acconling  to  SoXHLJn-,'  tlie  following;  The  copper-RuIphate 
Bud  Kuchclle-salt  sohitiou  must,  iis  above,  be  diluted  to  50  c.c.  with  vraxer; 
tho  urine  should  cunLuln  only  between  0.5^  aud  1^  sugar,  and  the  tot.il  quan- 
tity of  urine  required  for  the  reduction  must  bo  added  to  the  titration  hquld 
at  otico  aud  boiled  witli  it.  From  this  lust  condition  it  follows  that  the 
titration  in  dependent  upon  minute  detaiU,  and  several  titrattODs  are  required 
for  eacli  determination. 

It  is  best  to  give  here  an  example  of  the  titration.  The  proper  amoaot 
of  copper'SuIpliHte  and  KochelloHjiilt  eohition  and  water  (total  volume  =  50 
c.c.)  is  hoatcd  to  boiling  in  a  flask;  the  color  must  romuin  blue.  The  urine 
diluted  Hvo  times  it!  noxv  added  to  the  boiling-hot  liquid.  1  c.c.  at  a  time: 
aftor  c.'jch  addition  of  urine  hoil  for  a  few  seconds,  and  look  for  the  aptwar* 
ance  of  the  end-reaction.  If  you  find,  for  example,  tlnit  3  c.c.  is  too  little, 
but  that  4  c.L\  is  too  much  (the  liquid  becoming  yellowisli),  then  the  urin« 
has  not  been  sufficiently  diluted,  for  it  should  recpiire  between  5  and  10  c.c. 
of  tho  urine  to  produce  the  coraploto  rednction.  The  urine  is  now  dilated 
ten  times,  and  it  should  require  between  G  and  8  c.c  for  a  total  reducUoo. 
JMow  prepare  for  new  tests,  which  are  boiled  simultaneously  to  sarc  time. 
and  add  iit  one  time  rospettively  ti,  6i,  7,  and  7^  c.c.  of  urine.  If  it  is 
found  that  between  6^  and  7  c.c.  are  necessary  to  produce  the  end -reaction, 
then  make  four  other  teats,  to  which  add  nsspeetivoly  6.B,  6.7,  6.8,  and  'J.ft 
c.c.  of  urine.  If  in  this  cose  the  liquid  is  still  somewhat  bluish  with  6.7 
c.c.  and  completely  deeolorized  with  Q.S  c.c.,  we  then  consider  the  average 
figure  G.75  c.c.  as  correct. 

The  calculation  is  simple.  The  G.75  c.c.  used,  contains  0.05  fHTS.  tngar, 
and  tho  percentage  of  sugar  iu  tlic  dilute  urine  is  therefore  (fl.75  :  O.OS  = 

100  :  X  =)  rr^^  =  0.74.     But  as  the  urine  was  diluted  with  ten  Umea  its 
6.73 

5  X  10 

volume  of  water,  tho  undiluted  urine  contained  — ------  =  7.4<. 

V.  10 

oral  formula  on  using  10  c.c.  copper-sulphate  solution  is  therefore 

in  which  n  represents  tbo  number  of  times  the  urine  has  been  dilated,  and  t 
the  number  of  c.c.  used  for  the  titratiou  of  the  diluted  urine. 


'  Vlrcbow'sArch..  Bd.  105. 

•  Journal  f.  prakt.  Cliem.  (N.  P.).  Bd.  SI. 
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The  TiTKATiON  ACCORDixo  TO  Knapp  deppiuls  on  tlie  fact  that  mercuric 

cyanide  in  alkaline  snlution  is  i-cdticed  into  metallic  mercury  by  graije-sugar. 
'I'he  titration  liqnid  should  contain  10  Rrms.  chemically  pure  dry  mercuric 
cyanide  and  100  cc.  Oituatic-sodaeuhitioii  of  a  apei'ific  gravity  of  1.14ft  per 
li"tro.  When  the  titration  is  performed  as  described  below  (according  to 
WoKM  MClleb  and  OiTo),  SOc.c.  of  this  solution  should  correspond  to 
ex»<!tly  0.05  grin,  grape-augar.  If  we  proceed  in  other  ways,  the  raluo  of 
the  solution  is  different. 

In  this  titration  also  the  f[iiantity  of  snpar  in  thr>  nrino  sliould  he  bKtww'n 
1^  and  ]<,  and  the  estent  of  dilution  neccs^ry  be  determined  by  a  prelimi- 
nary test.  To  determine  the  end-reaction  a«  described  below,  the  test  for 
excess  of  mercury  \i  made  with  sulphurettud  hydrogen. 

Tn  performing  the  titmtioii  allow  20  c.c.  of  Knai'1''s  solntion  to  flow 
into  a  nnsk  and  dilute  with  SO  c.o.  water  or,  when  you  have  reason  to  think 
that  the  urine  contains  lesx  than  0.5^  of  sugar,  with  oidy  40-60  ce.  After 
this  heat  to  boiling  and  Allow  the  dilute  urine  to  flow  gradnally  into  the  hot 
solution,  at  first  2c.c..  tbeu  1  cc,  then  0.5  cc,  then  0.2  cc.  and  lastly 
0.1  c.o.  After  each  addition  let  it  boil  \  minute.  When  the  end-reactioii 
ia  approaching,  the  liquid  begins  to  clarify  and  the  mercury  separates  with 
tho  pliosphatea.  The  piid-rwu^tion  is  dctermiDcd  by  taking  a  drop  of  the 
upper  layer  of  the  liquid  into  a  capillary  tube  imd  then  blowing  it  out  on 
pure  white  f!lter-p:i]H'r.  The  nicii8t  spnt  it;  firi^t  held  over  a  buttle  contain* 
ing  fuming  hydrochloric  acid  and  then  over  sti'ong  sniphnretteil  hydrogen. 
The  presence  of  a  minimum  quantity  of  mercun.'  ^It  in  the  liquid  is  shown 
by  the  spot  becoming  yellowiBh,  which  is  best  seen  when  it  is  compared  with 
a  second  spot  that  has  not  been  exposed  to  sulphuretted  hydrogen.  The 
end-reaction  is  still  clearer  when  a  small  jtnrt  of  the  liquid  is  Uttered,  acidi- 
fied with  acetic  acid,  and  tested  with  sulphuretted  hydrogen  (Otto  ').  The 
calculations  are  just  as  simple  as  for  the  previous  method. 

This  titration,  unlike  the  previous  one,  may  be  performed  equally  well 
in  daylight  and  in  artitlcial  light.  Knait's  method  has  the  following 
advantages  over  FEULixa's  method;  It  is  applicable  even  when  the  propor- 
tion of  sugar  in  the  iiriuo  is  very  sinall  and  (}i:it  of  the  other  urinary 
constituents  is  nonnal.  It  is  more  eiisily  performed,  and  the  titration  liquids 
may  be  kept  without  decompoeing  for  a  long  time  (Woku  MOllku  and  his 
pupils*).  The  views  of  different  investigatom  on  tlio  valuo  of  this  titralioo 
method  are  somewhat  contradictory. 

Resiiles  the  above- deacriU^I  titration  methods  there  are  various  others. 
Thus  Pavt  titrates  with  an  ammoniacal  copper  solution,  K.  It.  I^rhuakk 
uws  an  excess  of  copper  salt  and  retitmtes  with  potassium  iodide  and 
ly-posulphite.  The  sugar  can  idso  be  determined  according  to  Ai.Linx,  and 
"'     cially  according  to  Pfluuer's  modi6cation  of  this  method." 

Estimation  of  the  QrANTirr  of  Sitoar  hy  Fermkxtatiox.  This 
may  he  done  in  various  ways;  the  simplest  method,  and  one  at  the  same 
time  Buflicieiitly  exact  for  ordinar>'  cases,  is  that  of  Rohekti^.  This 
consists  ia  iletermiaing  the  specific  gravity  of  the  urine  before  itnd  after 


■  Journal  i.  prakt.  Chcm..  Bd.  S4. 
*  rUO^fs  Arcb,,  lldf!    IS  n.  2a. 

■  ]>hm«OQ,  ArcL.  f.  Hygieoe,  Bd.  dO  ;  Pfloger.  PflQger's  Arcli..  Bd.  M.     lu  rtgmrd 
to  pKvy's  and  other  meLbods  see  Huppen-Keubauer.  HarD-Aoalyse,  10.  Aufl. 
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ft>rmentation.  In  tlio  fermenUUiou  of  sugar,  carbon  dioxide  and  alcohnl 
are  formeil  jib  oliief  |iroiluct«  and  tlic  epccific  gravity  is  lowt^rod.  partly  nn 
account  ot  the  (iisvpjiearunce  of  the  sugar  and  parti?  ou  ucconrit  of  xhv 
prodiiction  of  alcoliol.  lioHEitTs  found  that  a  decroiwe  of  0.001  in  the 
Bpecilic  gravity  corresnoiidod  to  0."JIJ$  sugiir,  juul  tliia  has  been  bhImuui- 
tiated  t^ince  liy  wvf^ral  oihttr  investigators  (Wohm  MC'i.L>:u  and  ottien). 
If  the  urine,  for  example,  luw  a  speciftc  gravity  of  1.03'>  before  fennont4tio« 
and  l.OOS  aftur,  then  the  tiiumlitv  cf  sugar  eoutniued  tbereiu  was  22  X  0.23 
=  S.Ofi*. 

lu  7>erforiniDg  this  teat  the  specific  gravity  must  be  taken  at  tbe  some 
tenijierulurc  hofore  and  after  tbo  fivrinentatiori.  Tlie  urine  niu«it  lie  faintly 
acid,  and  w1h-u  necessary  it  should  l>e  acidified  with  a  little  turcaric-aci^ 
sohitioii.  The  activity  of  the  yeast  must,  when  netiessary.  l>e  rontndle*!  hr 
a  special  test.  IMace  200  c.c.  of  the  urine  in  a  400-r.c.  flask  and  add  a  piece 
of  comnresswl  yeast  the  size  of  a  pea,  and  subdivide  the  yeast  through  the 
liipiid  by  tthaking,  (i\om  the  Hiidk  with  a  stop|)er  ]irovid(Kl  n'ith  a  finelj- 
dranu-out  ghbis  tube,  aud  allow  the  test  to  staud  at  the  temperalure  of  tbe 
room  or,  still  better,  at  4-20-25"  €'.  After  24-48  hours  the  ferntentution 
is  ordtuarily  ended,  but  tills  must  be  verified  by  the  bismuth  test.  After 
complete  femicntation  filter  through  a  dry  filter,  bring  the  filtrate  to  the 
lirojyer  temperature,  and  determine  the  specific  prarity. 

If  tho  spi-eific  gravity  be  detc-rniiiied  with  a  good  nycconieler  snpplieii 
with  a  thernjcmeter  aud  an  expansion- tube,  this  method,  when  the  tjuantitv 
of  8iig:ir  irf  not  less  than  4-5  p.  ni..  gives,  according  to  Worm  AICllku.  very 
exact  results,  but  this  hus  been  disputed  by  Uudde.'  For  the  physician  tin* 
metho<l  in  this  form  is  not  quite  serviceable.  Even  when  tliesifecifiograTilv 
ja  dftci'iiniied  by  a  delicate  nriuoni(!t4;r  wliich  cum  give  Llie  density  to  the 
fourth  decimal,  we  do  not  obtain  qulto  exact  restiltd,  because  of  tlio  ordinarr 
errors  of  tlie  niethoil  (Uudde)  ;  but  the  errors  are  usually  smaller  than  tbow 
which  occur  in  titrations  made  by  unpractised  hands.  Among  tho  raethoda 
proposed  and  closely  tested  for  tho  quantitative  estimation  of  atiear,  we  hate 
none  which  are  at  the  same  time  ootiily  performed  and  which  give  positive 
results  in  other  than  experienced  hands. 

MHien  the  quantity  of  sugar  is  less  than  5  p.  m.  these  methods  cannot  be 
used.  Such  a  small  quaulity  of  sugar  cannot,  as  above  mentioned,  be  de* 
termincd  by  titration  directly,  becauBO  the  reducing  power  of  normal  urioe 
corresponds  to  4-5  p.  m.  In  such  cjxscs,  according  to  Wohm  MPllek,  first 
determine  the  reduction  power  of  the  urine  by  titration  with  Knapp's  eola- 
tion, then  ferment  the  urine  with  the  axldition  of  yeast,  and  titrate  tfun 
with  Knai'p's  solution.  The  difference  found  between  the  two  titratKiM 
cnlcnlatcd  tis  sugar  gives  the  true  T|uantily  of  tho  latter. 

Estimation  of  Sloar  by  Polaiuzatiox.  In  this  method  theurioe 
must  bo  clear,  not  too  deeply  colored,  and,  above  all,  must  not  contain  any 
othor  optically  active  substances  besides  glucose.  By  using  a  deltcAto  instro* 
nienl  tiud  with  snlTicitfiit  pranlice  very  oxiicl  refultfi  can  lie  obtained  bv  this 
method.  For  the  physician  ItoitERTs' fermentation  teet.  which  required  do 
expensive  apparatus  and  no  special  practice,  is  to  be  preferred.     UnderMch 


■  R'll'enii,  E<liiiburgli  Med.  Joiirii..  18QI,  hikI  TUv  Uincrl,  Vol.  1.  1343;  Wnnn 
MQller.  t'nng'T'i  Arcli..  Bdd.  88  mil  37 :  Bjddc.  ibid.,  Bd.  40,  aed  ZelUobr.  (.  ph)-sloL 
Clieu..  BJ.  13.     See  also  Huppcrt-Kaubauer. 
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circiimstAiices,  and  as  the  eRtimaiinn  by  means  of  polarization  coii  ]n>  pet- 
forme<i  with  exaclituiJp  oiilv  by  s]>ecinl!y  traineil  diomista,  it  is  Iianllv 
Di'ccwiiiry  to  give  liiid  iiiethou  in  deUil,  and  the  reader  h  reforreil  to  hnuU- 
books  for  instructioas  in  the  use  of  the  apparatus. 

LcTiiloM  Lirvn^yratfi  uriiiei  cootaiciu};  ^ugar  have  liora  Dbsi-rred  tty  Vrktzke, 
ZiMUkiit  unit  CzAi'i^K,  t!iiK(iKN,  oDd  oibors. '  I'lic  amiiits  of  ttiu  subsiancc  cauniuh'  iIiih 
■ctii»n  is  dtftltTull  In  ilvMTibe  exact1>'.  l)Ut  tlierc  i*  imnUy  miy  Uuul>t  tliat  tlic  urine,  »l 
]tut  in  i-crtuiu  cnscs,  iis  In  lh<i<u-  ubKvrvcil  by  Skkokk,  cuDlalua  levulitsf.  May  liaoalu' 
recenliy  pubUslitd  a  cam  Id  n-liJcb  to  &U  iippuarances  leTti)osc  woa  presoiti. 

Ix;vi)losi;i!i(i«iecieilaH  followH:  Tlie  urine  is lipvu-rnljitoiy,  nii<I  llie  Iffvci-rotniorv  Kiih- 
slauce  fcrtntiilH  wltli  yea-t.  Tti«  urine  gtrea  tl»e  ordinAry  reiUictloti  It-suauil  phenyU 
i;1  ijouHazoD.  It  gives  HKUWAXurr'B  rcuctioo  oa  buUitig  wiiii  reHorcin  anil  liyilrocLiktVli: 
acid. 

LauMe  is  a  subslauu  nrtined  by  ntrrPETiT  and  fouDd  Iry  IjKd*  in  diiibelic  iitlncs  in 
crrtalo  cases,  and  wbicb  Ue  confiiilrrs  ils  h  stignr.  It  U  ixvagyntlv.  niiiorpliuuii.  »iid  Itni 
110  »vre«t  liute.  I>ut  rntlter  ft  uliarp  mid  uiUy  tnfiU-.  LhIosc  Lju  a  teducinc  actiop  ou  me- 
tnllic  uxldt^  doe*  not  ferment,  and  given  a  nnii  Rivfltntllne,  yelliiwisliurown  oil  wilh 
plicoylbydrnzin.     Wc  linvc  no  [KisIiItc  proaf  n»  yet  that  lliLs  tiubstatico  is  a  siigiir. 

MiLK-srr.AR.  The  appearance  of  milk-sugar  in  the  urine  of  pregnant 
women  was  first  shown  by  the  observations  of  De  Sikkty  uud  ]•'.  Hor- 
MElSTER,  Jiiid  tilis  has  heeii  substJiiiliatwl  by  other  investipitore.'  After 
large  quantities  of  milk-sugar  some  lactoee  may  be  found  In  the  urine  (see 
Chapter  IX  on  nbtiorptioii).  The  passage  of  lactoau  into  tlie  urine  is  called 
Uctosnria. 

Tiiu  positive  detection  of  milk-sugoi-  in  the  urine  ia  difficuU,  because  this 
BUgar  in,  like  glucose,  dextrogyrate  and  ali^o  gireii  the  usual  reduction  testa. 
If  urine  contains  a  dextrogyrate,  non-formcn table  sugar  which  reduces  bis- 
muth Eolations,  then  it  U  very  probable  that  it  conUiins  milk-t)ugar.  It 
must  be  remarked  that  the  fermentation  test  for  milk-sugar  is.  accord- 
ing to  the  et|»erieii{n^  of  I.i'sk  und  Von*,*  l^ost  nerforiiied  by  iming  pure  eul- 
tirated  yea«t  (saccharoniyces  jL]>ioiiliitu^).  TtitEf  yeast  only  ferments  the 
glncoee,  while  it  does  not  decontpwo  thonijlk-sugar.  If,  aei;ording  to  VoiT, 
we  perform  IIi'hsek's  test  and  do  not  heat  to  boiling  but  only  to  80°  ('.,  the 
color  becomes  yellow  or  brown  in  the  presence  of  milk-sugnr,  instead  of  red. 
Tlie  most  positive  means  for  the  detection  of  lactose  is  to  isolate  the  tsiigiir 
from  the  urine.     This  may  lie  done  by  tho  following  method,  siiggest<Hl  by 

F.  UOPMEISTEIl: 

PreclpltaLo  ibc!  urine  witli  su^ir  of  lead,  [i)[(!r,  wasb  with  water,  unite  tlie  flllrnte 
and  waAli-watvi'.  and  prc-cipllate  with  nmDioDJa.  Tbe  litiuld  flltcie^l  from  ttic  prcclpi- 
Uiti;  is  agaiu  prpclpitatcd  l)y  ^ugur  of  lead  (iiid  amniouia  iinLil  Ibe  laat  ftltrutt*  \n  optirully 
{DactlTf,  The  neveral  g^recipiiatcs  with  llic  exception  uI  tite  llrst,  wlilrh  conisiiiB  no 
sugar,  are  titiileil  and  w.-mhcd  with  water.  The  washed  precipituLc  U  deconiiH»Ki'il  in 
the  colli  with  nijlfiliiirnllri!  liydroKt'ii  nnd  (Ulered.  'I'bf!  pntpss  of  sulpliiircired  liyilro- 
geii  is  driveu  off  by  a  ciirreul  of  nir  .  the  AvhU  Ml  frcij  arij  rfiaored  by  sbitkiof;  wllb 
ailver  nsfdc.  Nuw  filler,  reninvo  the  diasolverl  ailver  l»y  fiulphiirctKHl  liyilmgen,  Ireal 
with  barium  cnrboimic  to  iinlto  wltli  finy  free  act-tic  acid  present,  anil  conofnlrnic. 
Before  the  CTiipofftled  ri-Mdlie  in  syriipv  il  is  trealed  with  iM)t  alcoliol  unlil  »  fl.wxulenl 
precipitate  ii  formed  which  seiik'B  mtffkly      The  flUraie  from  llil»  wliru  place4l  la  a 

>  See  niipperl-Nenhawr.  10.  Aiif!..  8.  IM. 

*  Virehow-i  Arcli  ,  Bd.  107. 

*  Hofmeister,  Zi-iischr.  f.  pbyslol.  Cliem.,  Bd.  1,  which  nlao  conlalnit  Itie  pertinent 
llleratiirp.     Sec  nlFia  Lcmairc,  ibti!,.  Bd.  21. 

*  Cnrl  Viiil,  Ucber  dit-  GlycogeublldUDg  nacli  Aufnabmo  vcracbledeiier  Ziiokerarteo, 
Zell«chr.  f.  BioLogle,  Bd.  Sd. 
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dcslccntordeposiia  crytttls  of  milk-au^ar.  wtiich  arc  purified  bfrecrysialUzailoa.  de> 
colurCzlii^  wlih  fiiiiiiuil  obarccwl  niitj  boiliiie  wUli  ((0-7(tf  alcobol. 

F«iit«iM.  SALKOwttKi  aud  JA^TKowiTr,"  found  1)1  Ibe  urloe  of  peraooi  tddictefl  (o 
tha  morphia  Iiftljit  a  variety  of  Bugnr  wbicb  vma  a  p«DtoM  sod  jlelded  an  omzod* 
wliich  mctu-d  III  150°  C  lu  leMtiog  for  pculnse  wa  use  ibe  test  with  phlurujjludo  tnd 
bydrocbloric  acid,  but  tt  must  be  remarked  that  tbc  teddUb-vIolet  color  dooe  u  not 
euffldvDt,  becauw  ^ilacto»e  aud  lncio«c  also  ^\it  a  Bimibir  coloration,  l^e  pmence  of 
pCQCoto  or  glycuronic  acid  ciiu  ouly  be  consldvred  luf  poftitire  wbco  ou  spectroKOpic 
cxainiiiatloQ  two  alisorplion-bniids  befneeii  D  and  if  arc  obtained. 

Tbc  [ililiiruifluclti-hydroL'blorIc  uolut  test  la  I'tirfortni-d  as  fullowa,  according  to 
ToLLENB.'  A  few  cubic  ccriiiiiieire»  of  tht  urine  are  mixed  with  ao  equal  roloroe  «f 
bvdrucbluHc  atild  fif  at>i>iit  l.ltl  Ep.  gr.  uiid  Lrenlcd  wllb  hIm'uI  Ij^-SU  tnfltigramina 
p^lnrogliiciD.  henit.'d  over  tbc  flame  uniil  a  rvd  ci>Iomiioii  is  f^binined,  nnd  then  Imtngdl* 
atvLy  examined  wUb  lli«  spvctr<iiK-u|K!.  If  uo  bauds  titft  Bt-cu.  Ibeo  beat  to  boiliDg  osd 
ob^iurvn  a^7iiig.  If  iho  liquid  iR-enmies  rioiidy,  ll  is  allowul  t»  cool.  Ibe  pm^ipitate  cnl- 
leciedonafiltcr,  wLnbed  witb  waier,  dlsaolTcdln  alcobol.  and  th!es<diitluD  examined  wttb 
Ibu  stwct ntMcujie.     lu  llie  pTCMtiici:  of  pmiLnses  na  nb<ii)ri>tii)ii-bii]id  ii  sreii  Id  ibr  graea. 

To  ditTercntiate  between  pentoses  and  glycuronic  acid,  wldch  gWe  tba  Mune  »pee- 
irum,  wc  prc)>nra  tbc  omzoiiei.  Ibe  melliogimiot  of  tbo  pcntosaxon  Ilea  at  about 
13S'160"  0.  In  &  mUrure  of  );Uif-aKa7.one  nnri  pentoanzone  the  latter  mny  be  known,  u 
Rbown  hy  KtM-x  and  V<kjki.,»  by  extracting  wlib  waivr  at  60'  C,  Trbfcb  dlHoUti  lb* 
pentoHazune,  filtering  wbile  bot  and  allowlDg  to  cool.  Tbe  pentuaazoDe  aepantcB  oa 
cnollug. 

Inosit  occurs  in  the  urine  in  albuminuria  and  in  diabetes  mellitiis,  bat 
only  rarely  and  in  small  qaantities.  Inosit  is  also  tound  in  the  urine 
after  excesaiTO  drinking  of  water.     According  to  Hoppb-Ssylbb*  traces  of 

inosit  occnr  in  aJl  normal  urines. 

In  di;i«cilng  Inosit  tlie  i^ruield  \»  fint  remuvvd  from  the  urine.  Then  conceatrmtc  tbe 
urine  4>n  liie  waler-trutb  to  i  tiud  precipitate  wllb  sugar  of  kitd.  Tbe  Qttraie  ia  wanned 
nud  trealL-d  vt'wh  baeic  teud  act-tatc  aa  long  as  a  precipitate  is  formed.  Tbc  pr«clpll*t> 
formed  tifter24  bourala  wmled  wHb  water,  luapended  la  water,  aud  decomposed  witli 
■ulpbiintttetl  hydroi^on.  A  little  tirie  add  may  aupamte  fn>m  the  fltmtc  after  a  ihciit 
time.  Tlie  liquid  is  filtered,  conccnlrated  to  a  miipj  coiuteteacy,  and  treated  wblle 
bulling  witli  8-4  Tuis.  alcohol.  The  precipitate  is  tjuickly  sepanited.  After  tbe  addllloo 
of  ctber  to  the  coolfd  tlltmte,  rrystala  aepanite  after  a  lime,  and  tbese  are  puriOed  bf 
decolorjutloii  tad  recrystallizatloii.  Wilb  tbeae  crystals  perform  tbe  teiu  menlJaBad  os 
page  841. 

Aoetone  and  Diaoetio  Acid.  These  bodies,  the  occurrencfl  ia  tbe  nnoe 
and  formation  in  tbe  organism  of  which  have  been  the  subject  of  nameroos 
itiTestigatioufl,  rapeciaUy  by  t.  Jaksch,  were  first  observed  in  urine  in 
diabetoB  mellitus  (Peters,  Kaulich,  v.  Jaksck,  Gerhardt*}.  Acetone 
may  give  ths  dinbetic  urine,  as  well  as  the  cipired  air.  the  odor  of  applet  or 
other  fruit.  According  to  r.  Jaksch  and  others  acotoiia  is  a  normal  nrinatT 
constituent,  though  it  may  occur  only  in  very  small  amounts  (0.01  grm.  in 
24  hours). 
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'  Centralbl.  f.  d.  meil  Wiwnech..  1992.  Kos.  19  and  82. 

*  Ber.  d.  deiiucb.  cbem.  Qesellitcb.,  Bd.  29,  S.  1804. 
»  Zeilschr.  f.  Biologic.  Bd.  33. 

*  Haiiilbuch  d.  pbyslol.  u.  imtbol.  cbem.  Analj-se.  8.  Aiifl..  S.  198. 

*  la  regard  to  tbe  eitenslTc  literaturu  du  acetone  nod  diacetlc  acid  w«  refer ibewrf* 
lo  Huppen-NeuVratier,  HaruAnalyac,  10.  AuS..  and  t.  Noorden'a  Lcbrb.  d.  PatlH>Ld(l 
Btoffwechsels.     Berlin,  1893, 
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There  u  no  doubt  that  the  appearance  of  acetone  as  well  as  diacetic  acid 
ia  esscDtiallj  caused  by  an  increased  destraction  of  proteid.  This  follovg 
from  the  rery  marked  increase  in  the  elimioatiDn  of  acetone  and  diacetic 
acid  during  inanition  (t.  Jakscb,  Fk.  MClleh  ').  This  stands  also  in  good 
accord  witti  the  observations  that  a  considerable  increase  in  the  qaantity  of 
acetone  and  diacetic  acid  olimtnated  ia  obserred  in  such  diseases  as  fevers, 
diabetee,  digestive  disturbances,  mental  diseases  with  :ibstinence,  cachexia, 
where  the  body-protcid  is  largely  destroyed.  According  to  v.  Noobpen 
and  noxiGKANN  the  extent  of  acetone  and  dlaoetic-acid  elimination  is  not 
dependent  upon  the  absolute  quantity  of  proteid  metabolized,  but  upon  tlio 
qoantity  of  body-proteid  destroyed ;  but  this  view  is  disputed  by  other  inves- 
tigators, such  as  HiRScnpRLD  and  (rEELMTiYnTtN.  Also,  according  to  Wein- 
TRAUD  and  Palma.  the  parallelism  between  the  elimination  of  acetone  and 
tiitrogeu,  as  claimed  by  Whuiut  (in  diabetics),  does  not  exist.  The  elimina- 
tion of  acetone  does  not  always  increase  with  an  increased  quantity  of  pro- 
teid, and  the  raising  of  tlie  proteid  above  an  average  point  causes  a  diminu- 
tion in  the  elimination  of  acetone  (Kobekfeld,  Uibscbfeld*). 

The  carbohydrates  have  a  strong  influence  on  tlie  elitniuation  of  acetone, 
namely,  the  exclusion  of  carbohydrates  from  the  food,  or  diminishing  their 
amount,  causes  an  increased  elimination,  while  abundance  of  carbohydrates 
decreases  the  quantity  considerably,  or  even  causes  a  disappearance.  Fat 
aeems,  by  its  action  on  proteid  metabolism,  to  have  an  indirect  influence  on 
acetomiria.  According  to  Geeuiuyiieh  the  elimination  of  acetone  in  man 
may  be  increased  by  an  increased  consumption  of  fat  (butter),  and  this 
increaf^e  may  run  pandlel  with  the  fat  given. 

Irrespective  of  the  physiological  acetonnria  derived  from  the  food,  we 
have  an  increased  elimination  of  acetone,  as  above  stated,  in  many  dis- 
easca,  as  also  after  nervous  lesions,  certain  intoxications,  and  after  ad- 
ministration of  p]ilorbizin  or  exrtipation  of  the  pancreas  (v.  Merino  and 
Minkowski,  Azemab*).  In  dogs  with  phlorhizin  diabetes  Oeelmctdex  ' 
fotind  a  stronger  acetonnria  in  starvation,  less  with  proteid  food,  and  still 
leas  on  feeding  with  carbohydrates.  Sodium  butyrato  when  introduced  into 
the  stomach  increases  the  acctonuria,  but  when  introduced  eubcutaneously 

>  T.  J^kML.  Uvber  Accloriurle  uud  Dlnvelurie.  B«rlln,  1883 ;— Pr.  Untler.  Bericbt 
Qber  die  Krgrbnlue  dea  nu  Otll  ftus^Dlirten  Hiingrrvenuchc*.  Berltn.  kilo.  WocfaeD< 
acbr.  1B87. 

*  BonlpmnDn.  Zitr  Etmt-hunK  ciri  Acctont  (Dlwert..  BrcsUu,  1886),  cited  from  v. 
Nonrdeti.  I.  c.  S.  177  ;  Hln-clirdd,  ZeilMbr.  f.  kilo.  Med..  BtJ.  28;  G«eloiuydeo.  se* 
Mslj'R  JntimtKr..  ltd.  30.  bod  Zciiscbr.  f.  pLysiol.  Cbem..  Bdd.  S8  und  20  :  WefDtntDd. 
Arch.  f.  eyx^.  Pnlb.  u.  Pbnnn.,  Ud  84  :  Paltna,  Zidwbr.  f.  Heilkucde.  Bd.  IC ;  Wriglit, 
MbIj's  Jahresber.,  Bd.  21  ;  IU>»etifcld.  Ceiitralb].  f.  loocre  Mcil..  Bd.  10. 

»  Az&mnr.  "  Arft«inmie  exp^ilmpnlnlf,**  Travauz  de  physiologic,  ISW  (tabomtoire 
deH.  1e  profcMeur  E.  UMon.  M<>iiip«IIIflr). 

•ZritMhr.  f.  pbyslol.  Cbem.,  lU.  30. 


COS 


URINE. 


it  does  not  net  at  all,  or  only  to  a  slight  extent.  His  oxpcrimonta  do  .not 
show  a  sugar  formation  from  fat  in  phlorhizin  diabetes. 

KriiAGAivA  jind  MiuRA,'  in  two  gci-ies  of  experimtuts  on  starring^ 
dogs  aftt'r  phlorhiKiii  ]1oil^Dning,  cunipHral  the  oxtent  of  proteul  metabolism 
and  the  formation  of  sagar  with  each  other,  and  tliey  sncoecded  in  exclud- 
ing a  sugar  formation  from  fat.  In  both  Bcric3  of  experiments  the  quantitr 
of  sugar  elimiuated  was  less  than  timt  which  was  calculated  from  the 
increased  protcid  destruction  caused  by  the  phlorhizin  poisoning. 

Diacetic  acid  has  not  been  oljserred  as  a  phyiiiolDgical  constitnent  of  the 
urine.  It  occurs  in  the  urine  chiefly  under  the  same  comlitioos  as  acotoDe; 
still  we  have  cati»s  in  wbicli  only  uoetonu  and  no  diocelic  acid  appears. 
Like  acetone  the  diacetic  acid  occurs  often  in  children,  especially  in  high 
fevers^  acute  exnntbi?ma,  etc.  Diacetic  acid  decomposes  readily  into  ac-etoue. 
According  to  Araki  '  it  is  probably  produced  as  an  intvrme<Iiato  product  in 
the  oxidation  of  /f-oxybutyric  acid  in  the  organism.  The  three  bodioe  .ap- 
pearing in  tlie  urine,  aceU»ne,  diacetic  acid,  and  oxybutric  acid,  stand  in 
close  relntionKlii|i  to  wu;li  other. 

ikoetone,  dimethyl  ketone,  C,ll,0  or  CO.(CIIJ,,  i^  a  thin  wator-dear 
liquid  boiling  at  56.0°  0.  and  with  a  pleasant  odor  of  fruit.  It  is  lighter 
than  watt-r,  with  which  it  mixes  in  all  proportions,  also  with  alcohol  and 
etht-r.     The  moat  imjiortant  i-eactiona  for  acetone  are  the  following: 

Liehen's  loihfonn  Ttst.  When  a  watery  solution  of  acetone  is  treated 
with  alkali  and  then  with  some  iodine-jKitnssium-iodidc  solution  and  gently 
warmed  a  yellow  precipitate  of  iodoform  is  formed,  which  is  known  by  its 
odor  and  by  tho  appearance  of  the  crystals  (six-aided  plates  or  stars)  under 
the  niicroscopt!.  Ttiia  reaction  i.t  very  delicate,  but  it  is  not  character) stir 
of  acetone.  GrsxiKfl's  inodijicntiott  of  the  iodoform  test  cnnsiAt?  in  using 
an  alcoholic  solution  of  iodine  and  ammonia  instea<l  of  the  iodine  dissolved  in 
potassium  iodide  and  alkali  hydrate.  In  this  ca^e,  besides  iodoform,  a  black 
pfcipitatc  of  iotlide  of  nitrogen  is  formed,  but  this  gradually  disappeafs 
on  standing,  learing  the  iodoform  risible.  This  modification  has  the  ad- 
Tantage  that  it  does  not  gire  any  iodoform  with  alcohol.  On  the  other 
hand,  it  la  notquitis  so  dolicatOj  but  still  it  detects  O.Ql  milligramme  acetone 
in  1  o.c. 

Rkynold'8  7jjercuric-oxid«  test  is  baaed  on  the  power  of  aoetona  to  di»» 
ioWe  freshly  precipitated  IlgO.  A  mercuric-chloride  solution  is  precipi- 
tated by  alcoholic  canstio  potash.  To  this  add  the  liquid  to  be  tdst«d  for 
acetone,  shake  well  and  filter.  In  the  presence  of  acetone  the  filtrate  con- 
tains mercury,  which  may  be  detected  by  ammonium  sulphide.  This  test 
has  about  the  same  delicacy  as  OtrxviNo's  test 


>  Dti  B(>l»-n«ymoQd'a  Arab..  1898. 
*  ZeltKlir.  r.  plijrslol.  Chem..  Bd.  18. 
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Legai/s  Sodiuin-nitroprvsiide  'Jest.  U  an  acetone  solution  is  treated 
with  a  few  lirops  of  a  freshly  prepareii  sodium-uitroprusside  solutioD,  and 
then  with  caustic- )>o tush  or  soda  solution,  t!ic  liquitl  is  L-oIured  niby-rcd. 
Creatiniit  gives  the  same  color;  but  if  we  saturate  with  acetic  ncid,  the 
color  becomes  cnnuino  orpurplish-ved  in  the  presence  of  ucelouc.  but  yellow 
aud  theu  grwluiUly  greon  and  blue  in  tlie  pruscnce  of  creatiuin.  With  tliis 
test  paracreso!  gives  a  redUish-yeUow  color,  which  becomes  light  pink  when 
acidified  with  acetic  acid  iiiul  cannot  be  mistjiken  for  acetone.  If  we  use 
ammonia  instead  of  the  oiustlc  ullcali  (Le  Xobel),  the  reaction  takes  place 
with  acetone  but  not  with  aldehyde. 

Penzoldt's  indigo  test  depends  on  the  fact  that  orthouitrobenzaldehTde 
in  alkaline  solution  with  acetone  yields  indigo.  A  warm  saturated  und  then 
coolc<l  solution  of  the  aldehyde  is  treated  with  the  liquid  to  bo  tested  for 
acetone  and  next  with  caustic  soda.  In  the  presence  of  acetone  the  liquid 
first  becomes  yellow,  then  green,  and  lastly  indigo  separates;  anil  this  may 
be  dissolved  with  a  blue  color  by  shaking  with  chloroform.  l.G  milligrma. 
acetone  cau  be  detected  by  this  test. 

UtLK  V.  B]tt6'h  '  leaction  i-  bnseil  f-a  ilie  fact  tlint  va  aililiug  a  •ohitlou  »(  tiietniliul- 
trob4.'UK»l,  inaile  alknlfiie  wllli  rAimilc;  iiout.-<li,  lo  at-pinne,  it  vlolut-retl  color  h  prntliiccd 
whicli  btrcomtis  cberry-icd  on  ncidffj'iiii;  with  iin  orgnoic  aciil  nr  mclapliosphoric  iirid. 
Aliitrliyrle  givtrs  n  Kiinilnr  vlole i-refl  color  wbicli  Wciiiues  yellow Uli-teil  on  ttcitlfficalioD. 
Crealiuiu  iTocs  not  f^lve  tbis  rc&ctlcin. 

Diacetic  acid,  or  aceto-acetic  acid,  C.U.O,  or  CJI.O.Cir,.C001I.     This 

acid  is  u  colorless,  strongly  acid  liquid  which  mixes  with  water,  alcohol,  and 
etlier  in  all  proportions.  On  heating  lo  bailing  with  water,  and  esiieclally 
with  acids,  this  acid  decouiposea  iuto  carl>ou  dioxide  and  arctone,  and  there- 
fore gives  the  abovc-mcutionod  reactions  for  acetone.  It  dlSei-s  from  acetone 
in  that  it  gives  a  violet-red  or  brcwnish-red  color  with  u  dilute  fcrric-chlorido 
solution.  This  color  decreases  even  at  the  ordinary  tempL-mture  within  S4 
honrs,  and  more  quickly  on  boiling.  It  diifers  in  this  from  phenol,  salicylic 
acid,  acetic  acid,  ur  sulpiiocynnides. 

MeetioH  of  Acetone  tinti  Dittc^Uc  Add  in  the  Vrttte.  Befora  testing  for 
acetone  test  for  diacetic  acid,  and  as  this  acid  gradually  decomposes  on  allowing 
the  urine  to  stand,  the  urine  must  be  as  fresh  an  possible.  In  Ihc  presence 
of  diathetic  acid  the  urine  gives  the  so-called  (iERHABDT's  reaction,  sliowitig  a 
vine-red  color  on  tfio  addition  of  a  dilute,  not  too  acid,  ferric-clilorido 
Bohition.  Treat  10-50  c.c.  of  the  urine  with  ferric  chloride  as  long  as  it  gives 
■  precipitjite.  tiller  the  precipitate  of  ferric  i)hospliale,  and  a<ld  some  more 
ferric  ciiloridc  to  the  filtrate.  In  the  presence  of  the  acid  a  claret-red  color  ia 
prodnccd.  After  this  beat  a  second,  similar  portion  of  the  fiiintly  acid  urino 
to  tioiling,  and  repeat  the  test  on  cooling,  which  should  now  give  negative 
results.  A  third  portion  of  urine  is  aciditied  with  sulphuric  acid  and 
shaken  with  ether  (wliicrh  takes  iip  the  acid).  Now  shake  the  removed  ether 
with  a  very  dilute  watery  solution  of  ferric  chloride,  and  the  watery  layer  be* 

■  AuhbI.  (le  Cbrtn.  u.  Phnrm..  11(1.  SQO. 
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comes  violet-rod  or  claret-red.  Tho  color  disappears  on  warming.  KMobneb 
Buegests  tliAt  ill  tenting  for  diacetic  acid  tno  arine  bo  treated  with  a  Iittla 
KI  and  Fe,Cl,  in  excess  and  heated.  In  the  presence  of  diacetic  acid  very 
irritating  vapors  of  iodmicBtono  jire  developed.  According  to  t.  Jaxsch' 
nriD(!8  rich  iu  acetone  also  give  this  reaction. 

In  the  ab^uco  of  diacetic  acid  the  acetone  may  be  tested  for  directly. 
This  may  ho  done  dirtKitly  on  the  urine  by  Pexzoi.dt's  teet.  This  t«t, 
which  id  only  n|>proximate,  is  of  value  only  when  the  urine  contains  & 
considerable  amount  of  acetone.  For  a  more  accurate  test  we  distil  at  least 
250  c.c.  of  the  urine  faintly  acidified  with  aulphuric  acid,  care  being  taken 
to  have  a  good  condensation.  Most  of  the  acetone  is  contained  ia  the  firet 
10-20  c.c.  of  the  distillate.  This  distillate  ia  tested  for  acetone  by  the  abor* 
nielhodfi.*  In  testing  for  occtoue  in  thesimnltnneous  presence  of  diacetic  acid, 
first  make  the  uriue  faintly  alkaline,  and  shake  it  carefully  with  ether  fre« 
from  alcohol  ami  acetone  in  a  separatory  funnel.  The  removed  ether  is 
then  shaken  with  water,  which  takes  up  the  acetone,  and  then  the  watery 
liquid  is  tested. 

The  quantitathe  estimation  of  acetone  in  the  urine  is  done  bjconrertiog 
it  first  into  iodoform.  The  urine  is  acidified  with  acetic  acid  (according  to 
HrppERT,  1-2  c.c.  60  per  cent  acetic  acid  for  every  100  cc-  urine)  and  dis- 
tilled. The  quantity  of  acetone  in  the  distillate  ia  best  determined  accord- 
ing to  Messikoer's  and  Hvpi'Eht's  method  by  determining  vol u metrically 
the  quantity  of  iodine  used  in  the  formation  of  iodoform.  In  regard  to  tbu 
method  and  its  execution  we  refer  the  reader  to  IlrppEBX-NElTBAirBB.* 

yS-Oxybutyric  Acid,  CJf.O,  or  CI{,CH(On).Cn,COOH.  TheappenranM 
of  this  acid  in  tlie  urine  was  first  positively  shown  by  Minkowski,  Ef  u 
and  SiAOELMANN'.'  It  occurs  especially  in  difficult  eases  of  diabetes,  but  it 
bas  also  hoen  observed  iu  aairlut  fever  and  iu  measles  (ECL2),  in  scurvy 
(MiN'KOWSKt),  and  in  diaeases  of  the  brain  with  abstinence  (KOlz).  /3-oxt> 
butyric  acid  is  undoubtedly  derived  from  an  abnormal  destruction  of  botlj- 
proteid,  and  it  therefore  occurs  in  the  urine  iu  iuanition,  cachexia,  et^. 
>S-oiybutyric  acid  is  accompanied  by  diacetio  acid  in  the  urine,  while  on 
the  other  hand  the  last-mentioned  acid  occurs  in  the  urine  without  the  fint. 

yd-oxybutyric  aoid  forms  an  odorlesa  syrup  which  mixes  readily  with 
water,  alcohol,  and  ether.  This  acid  is  optically  active  and  indeed  lapvo- 
gyrate,  and  it  therefore  interferes  with  the  estimation  of  sugar  in  the  urine 
by  means  of  jwlarization.  It  is  not  precipitated  cither  by  basic  lead  acetate 
or  by  ammonical  basio  lead  acetate.  On  boiling  with  water,  especially  in 
the  preBenco  of  a  mineral  acid,  this  acid  decomposes  into  a-CRoroKic  acid, 
which  melu  at  71-7?^  C.  and  water:  Cli,.CH(Oii).CH,.C001i  =  H,U 
-|-  CH,.CH:CII.COOTI.  It  yields  acetone  on  oxidation  with  a  chromic- 
acid  mixture. 

>  MiVrtiCT.  Slcariil.  Arcli.  f.  Plij-slol..  Bil.  6 ;  v.  Jnksch.,  Kiln.  Dtagnostlk.  4.  AaO. 

*  Sec  ftUo  SiiIltDWfki.  PflUgcr'B  Arcli..  Bd.  56. 

*  L.  c,  )>.  TDO,  nnil  also  Gcfhutiydcii.  Zcltsclir.  f  anal.  Chem.,  Bd.  85. 

*  Miokowfki.  Arch.  f.  exp  Patb.  u.  Ph^tnn.,  Bdd.  18  acid  Id :  Stadclnaoo,  Old..  Bd. 
17  ;  Stllz.  Zdtschr.  t.  Etolo^e.  Bdd.  20  nud  23. 
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Detection  of  fi-Oxybutyric  Acid  in  the  I'rint.  If  a  urine  is  still  I«vo- 
gyratc  after  fermentation  with  yeuet,  the  preaence  of  oxybutyric  acid  is 
probable.  A  further  test  may  bo  made,  according  to  KClz,  hy  evajwrating 
the  fermented  urine  to  a  sjmp,  and,  after  the  addition  of  an  equal  rolonie 
of  concentrated  Bulplitiric  acid,  distilling  directly  without  cooling,  w-cro- 
tonic  acid  is  produced  which  distils  over,  and,  after  collecting  in  a  teet- 
tube,  crystals,  which  melt  at  +  7'^"  C,  separate  on  cooling.  If  no 
cryjitals  are  obtained,  then  shake  the  distillate  witli  other,  and  t^st  the 
melting-point  of  the  residue  obtained  after  evaporating  the  ether  which 
hufi  been  washed  with  the  water.  According  to  Minkowski  the  acid  may 
be  isolated  as  a  silver  salt.' 

Errlich's*  Vrine  Tetl.  Mix  250  c.c.  of  a  solution  which  conlafns  Mc.r.  HCI  aod 
1  grin.  SDlpLimillic  add  in  one  Hire  ivlih  fi  c.c.  of  il  jS  Noltitinn  i>f  nodhim  nlirltL*  (which 
produces  veryUule  of  tlie«ctiv«  bodv.  aulpbodiizoltenjtol).  In  perroriuiDglblsleai  Irea! 
the  urine  willi  nn  e^iiial  volume  of  Itila  mlxtiire  and  then  niipeiiiBluniif  kI|]i  nutuimiin. 
Nomul  urine  will  liecome  jrellow  thereby,  or  omnge  after  the  niLlcliiirkn  of  nmnioiifft 
(aromatic  oxyKcfds  may  Bontetimes  after  a  cettaiu  tiuie  gire  r«d  azo  budk-s  which  culur 
the  upper  layer  of  phrMplifile  serlimeut).  In  pnthnloglcml  urtncB  we  soinetfmt'a  Iibtq 
(aad  this  is  the  ciiaractcnadc  diazo  rcacclon)  a  pdmnry  yellow  coloralion,  wlih  a  rery 
marked  ae<coiiikry  reil  coloruUnnoii  the  adilitiou  of  amnioiiia.  and  Uiu  froih  IbaIw)  linred 
w!lh  red.  The  upper  layer  of  the  Bcdlmect  becomes  grccniah.  The  body  which  jtlrei 
thU  reactiou  is  unknown,  but  II  occurs  especially  Id  the  uriue  of  typhoid  pallcula  {Eur- 
ucul.     Opfnious  diffvr  in  rof^rd  to  the  slgutScance  of  Ibis  rmciiou, 

RosBKBACH's  urine  test,  which  con«i»ta  In  adding  nitric  acid  drop  bv  drop  lo  the 
bolllDj^-huI  urtno  aod  obtniulug  aclnret-red  coluratloD  aud  a  bluish-ml  foam  on  ahak- 
big.  depends  upon  the  formation  uf  Indiea  lubfllanccs,  especially  indigo-red.' 

Fat  in  the  Urine.  The  elimination  of  a  urine  \thich  in  appearauc«  and  richneaa  In 
fat  resembles  chyle  la  called  ehjftrtria.  It  bahitually  cotitalna  proleid  and  often  tibrJo. 
Cbyluriu  occurs  moitly  In  the  inhabitants  uf  tbe  Iropio).  Lipuria.  or  the  climinallou 
of  fat  with  iiw  urine,  mny  appear  In  apparently  htialihy  peraons,  snmetlmp^  wUh  and 
sometimes  without  iilliunilutirla,  In  pregusDcy,  aud  also  lu  certain  diseases,  as  In  dia- 
betes, poisnniof;  with  pliosphoniH,  anil  fatty  degeneration  of  the  kidneys. 

Fat  Is  usually  delecled  hy  the  mlrroncope.  It  may  alwi  bo  dlnsoWed  with  ether,  and 
may  Inrariahly  i>e  detected  by  CTaportttlu);  ibo  urine  to  drynesa  and  extracting  the  re«ldua 
with  ether. 

Cholttttrin  is  also  ftomettmet  found  la  tbe  urine  In  cbylurla  and  In  a  few  other 
caaes. 

Lbucix  and  Tybosik.  These  bodies  are  found  in  the  urine,  especially 
in  acute  yellow  atrophy  of  the  liver,  iu  acute  pboephorus- poisoning,  and  in 
severe  cases  of  typhoid  and  smallpox. 

DeUetit/n  of  Ltucin  and  Tyroiin.     Tyroein  occurrlnf;  as  sediment  maybe  identifled 

S'  means  of  the  mlrroacnpe  ;  but  If  a  pusKWi-  proof  is  desired,  a  recrystalllutlon  of 
asame  from  ammonia  or  ammoniacal  alcohol  la  necesAary. 
To  detect  both  these  bcHlles  when  they  occur  In  sulutlon  lo  the  tirlne.  proceed  In 
the  followlnff  manner  ;  The  urine  free  from  proicid  la  preclpliaierl  by  liasic  lefld  nco. 
tate,  the  lead  remored  from  the  llltrate  by  B|S,  and  cuncvutrated  as  much  a.^  pos- 
sible. The  residue  is  extiaete^l  wlih  a  Kmall  qiiniitltynf  abiwilute  alrobM  to  rfinoTe 
the  urea.  The  usidue  is  then  boiled  with  falutlr  ammonltcal  alcohol,  filtered,  the 
nitrate  evaporated  lo  a  small  volume  anrt  allowed  to  crystallize.  If  no  lymvln  crys- 
tals are  obtained,  then  dilute  with  wiitor.  prerlpltale  again  wlih  haute  lead  acetate,  and 
proceed  as  before.  If  tyrosin  crystals  nuw  Beparatc,  they  are  filtered,  and  the  fliiiate 
still  further  concenlrmted  lo  obtain  tlic  leiicin  crystals. 


Arch.  f.  cxp.  Path.  u.  rbarra.,  Bd.  18,  8.  35;  ZeltKbr.  f.  aaal.  Cbem.,  Bd.  84.  8 
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Cyfttin  {C,U, NSO,),.     This  body  is,  according  to  BAriiANN,  lo  be  ooih 

n,c\  /coon. uooL'v./on 


sidereil  asdisiiljihide,  Ti'v/^^'Ca 


Q/^\^li*  of  tlie  preTi< 


naiitioiied  ctyateiu,  0,11, NSO,  (page  483).     Cystein  itself  ia  a--itmtdothic>- 

II  C  \    /*^II 
lactic  ftcid,  fT'jj/'*^\('rt()[i-     Cyetin  ia  cionverUHl  into  cysteiu  by  nasceot 

hydrogen,  and  ia  reconvertwl  into  cystiu  by  oxidation. 

Uacman'S  iiud  OoLnM.\KN~  claim  that  a  eubst^jico  similar  to  cystin 
occurs  in  very  small  amounts  iu  normal  nrine.  Thia  aubatanco  occnre  in 
large  tjiiantUieii  iu  tliu  urine  of  dogs  iiftur  |Hiisoniug  with  pbospboroi. 
Cystin  itself  is  only  found  with  prisitiveuess,  and  even  then  very  rarely,  iu 
uritiary  calculi  and  in  pathological  urines,  from  which  it  may  separate  as  a 
sediment.  Cyalinuria  occura  oftener  in  men  than  iu  women,  and  cyftin 
serms  to  he  iiii  abnorinul  i*plitting  product  of  the  protcids.  RArHANN  and 
V.  UuBissZKY  found  in  urine  in  cystinuria  the  two  diamins,  cadaverin 
(pentamethylendijiintn)  iind  pulrescin  (ttlriunethylentliamin),  which  are 
prodiiuttd  in  the  ]mtrefiiction  of  proUiids.  Tiiese  two  diarains  were  also 
found  iu  the  contents  of  the  intestine  in  cystinuria,  while  under  nonuHl 
conditions  they  are  not  prc^'nt.  UAsiuAKtriEN  therefore  considers  that 
|ierhaj)a  some  oounection  exists  between  the  formation  of  diwnins  in  thfr 
intestine,  by  the  peculiar  putrefaction  in  cystiuuria,  and  ryslinuriu  itself. 
Cadaverin  was  detected  id  the  itriao  in  cystinuria  by  Stadtiiaoex  and 
Bhikgbk.  Cvi^tiii  hiia  also  l>ecn  found  iu  ox-kidneys,  in  the  liver  of  th« 
horse  and  dolphin  (DRECiirir.r.),  and  its  traces  in  the  liver  of  a  dmnkanl. 
KClz'  once  obserred  the  occurrence  of  cystiu  during  tho  digestion  of  fibrin 
with  pancreas. 

Cystin  crystiiUizes  in  thin,  colorless.  Bix-sidod  plates.  Tt  is  not  aoluble 
either  in  water,  alcohol,  ether,  or  acetic  acid,  hut  diseoWea  in  mineral  acids 
and  oxalic  acid.  It  also  disiKilves  iu  alkulieo  and  iu  ammonia,  but  not  in 
ammonium  curbouato.  CyKtiii  is  optiually  active  and  strongly  Iffivo-rotatory. 
If  cystin  is  boiled  with  catiatio  alkali  it  decomposes,  yielding  among  other 
products  alkali  sulphides,  which  may  be  detected  by  lead  ucetaio  or  sod  in  m 
nitroprufiside.  Ou  treating  cystin  with  tin  and  hydronhloric  acid,  only  a 
little  sulphuretted  hydrogen  is  erolred  and  cjstein  is  produced.  On 
shaking  a  solution  of  cystin  in  au  excess  of  cimstic  soda  with  benioyl- 
chloride  a  ToUiminous  precipitate  of  licnzoyl-cystin  is  ]>ro<]uced  (Batma^cK 
and  Ooldhakn).  Ou  henting  on  platinnm  foil  cystin  does  not  molt,  bat 
ignites  and  burns  with  a  btuish-grocu  tlamc  nccompatued  by  a  peculiar 

'  UAvininiin,  Zf-tisrlir.  f.  plivHiol.  C'liem.,  iki.  8.  In  rrgnrrl  to  tbe  llterarurf  <m  fynia 
bw  Breoziugvi,  nMf..  Bd.  10.  &  553;  D&uaiftDU  and  Ooldtiiaau,  tf>id..  Bd.  13;  Bali- 
mnnu  iinil  v,  Uilidiiiizky.  lAiV/.,  Btl.  ]ll;  SltuSllingen  nmi  Krip'-er,  Berlin.  Idin.  Woclirn- 
■clir.,  1889:  Drecba«l,  Du  Boii-Hcymotid'a  Arch..  1801,  and  Zeltuhr.  f.  Btolfgie.  BU. 
88;  Etltz,  i6M.,  Bd.  37. 
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sharp  odor.  On  warming  with  nitric  acid  oyslin  ciiasolvea  with  deconiposi- 
ttoii  aud  leaves  a  reddish-brown  roitidue  on  evaporation  which  does  not  g^iro 
the  murexid  test. 

(tystein  hjLlrochloride  gives  n  nearly  insoluble  precipitiit«  having  the 
composition  2(C,H,NS0,)  -|-  31JgOI,  with  mercuric  chloride.  Hal'Uahn 
aud  BoRit^sow  '  hnve  based  a  niotUod  for  fJu-  r|uai]titativa  estimation  of 
cystin  on  this  behavior.  They  first  reduce  the  cyatin  by  zinc  and  hydro- 
chloric acid. 

Cystin  i.-t  easily  prejiared  from  cystin  calculi  by  dissolving  them  in 
alkali  carbonate,  precipitating  the  solution  with  acetic  a<^id,  and  redissolving 
tlie  procipitale  in  ainnioniu.  'I'he  cvsliu  frystallizef«  mi  tlie  sponUtueoua 
erapovation  of  tlic  ummonia.  The  cvstin  dissolved  in  the  iirino  'ma  detected, 
in  the  absence  of  protoid  aud  sulphuretted  hydrogen,  by  boiling  with  alkali 
and  testing  with  lead  salt  or  sodium  iiitroprusside.  To  isojau-  cvfitiii  from 
the  nriue,  acidify  tlie  urine  strongly  with  acetic  acid.  The  precipitate  con- 
taining cystin  is  collected  after  24  hours  and  digested  with  hydrochloric 
acid,  which  dissolves  the  cystin  and  calcium  oxalate,  leaving  the  uric  acid 
undissolved.  Filter,  supersjiturate  the  filtrate  with  amnionia  carbonate, 
and  treat  the  precipitate  with  ammonia,  which  dissolves  the  cvMtin  and 
leaves  the  calcium  oxalate.  Filter  again  and  precipitate  with  aiTetic  acid. 
The  precipitated  cystin  is  iUentifieil  by  the  microscopi-  and  the  above- 
mentioned  reactions.  Cystin  as  a  sediment  is  identilied  by  the  microscope. 
It  must  be  puritit'd  by  dissolving  in  ammonia  and  precipitating  with  acetic 
acid  and  then  tested.  Trafes  of  dissolved  cystin  may  be  detectefl  by  the 
production  of  beuzoyl-cystin,  according  to  Bai'Mann  and  GolduaXS. 

lit 

VII.    Uriuary  SccliiuoutH  aud  Calculi. 

Urinary  sediment  is  the  more  or  less  abuiulant  dejiosit  which  is  found  in 
the  urine  after  standing.  This  deposit  may  consist  partly  of  organised  and 
partly  of  non-organized  constituents.  The  first,  consisting  of  cells  of  various 
kiudd,  ycast-fungi,  bacteria,  spermatozoa,  casts,  etc.,  must  be  investigated 
by  means  of  the  microscope,  ."Uid  tlie  following  only  applies  to  the  non- 
organized de-T>ositji. 

As  above  menlionct  (page  4O0).  the  nrine  of  healthy  individuals  may 
scmetimes,  even  on  voiding,  l>e  cloudy  on  account  of  the  phosphates  present, 
or  become  so  after  a  little  while  because  of  the  separation  of  urates.  As  a 
rule,  urine  just  voided  is  clear,  and  after  cooling  shows  only  a  faint  cloud 
(nubecula)  which  consists  of  so-called  mucous,  a  few  epithelium-cells,  mucous 
coTpuscles.,  and  urate  particles.  If  an  acid  urine  is  allowed  to  stand,  it  wlU 
gradually  change;  it  becomes  darker  aud  deposits  a  sediment  consisting  of 
uric  acid  or  nrates,  and  sometimes  also  calcium -oxalate  cr)'8tuls,  in  which 
jeast-fungi  and  bacteria  are  often  to  be  seen.  This  change,  which  the 
earlier  investigators  called  **  Acin  febmf.ntation  op  the  rRiNB,"  is  gener- 
ally considered  as  an  exchange  of  the  di-hydrogen  alkali  phosphates  with  the 

'  Zeiiwrlir.  f.  physiol.  Cbem  .  Bil.  19. 


014  ^^^^f  VRINB. 

binrates  of  tho  nriae.  &fono-bydi-ogGn  phoBpbatea  besides  acid  aratet 
(qnadriuratas)  or  free  nric  acid  or  a  mixture  of  both,  according  to  condi- 
tions,' arc  iiercby  formed.  Tbe  quadriuratea  may  also  split  into  biunte, 
which  passes  int^j  salution,  und  crystHllitio  uric  acid, 

Sooner  or  later,  eometimes  only  After  several  weeks,  the  reaction  of  the 
original  acid  urine  changes  and  becomes  neutral  or  alkaline.  The  nhne  bos 
now  paflBod  into  the  "alkaline  fermentation,"  which  consists  in  the 
ducomposition  of  the  urea  into  carbon-dioxide  and  ammonia  by  means  of  lover 
organisms,  micrococcus  urea,  bacteria  urese,  oiid  other  bacteria.  M  t'SCULrs* 
hits  isolated  an  i^rizyine  fnun  the  micrococcus  ureee  which  decomposes  nret 
and  is  soluble  in  wiiter.  During  the  alkaline  fermentation  volatile  fatty 
acids,  especially  acetic  acid,  may  be  produced,  chiefly  by  the  fermentation  of 
the  carbohydrates  of  the  urino  (Salkowski ').  A  fenuentatiou  by  which 
nitric  acid  is  reduced  to  nitrous  acid,  and  another  whore  Eulphuretted 
hydrogen  is  produced,  may  sometimes  occur. 

Wlien  the  alkaline  fermentution  has  advanced  only  so  far  as  to  render 
the  reaction  neutral,  we  often  ^nd  in  the  sediment  fragment«  of  uric-acid 
crystals,  sometimes  covered  with  prismatic  crystals  of  alkali  nrate;  dark- 
colored  spheres  of  ammonium  urate,  crystals  of  calcium  oxalate,  and 
sometime.^  crystallized  calcium  phosphate  are  alao  fonnd.  Crystals  of  am- 
monium-magnesium phosphate  (triple  phosphate)  and  spherical  ammonium 
urate  are  specially  characteristic  of  alkaline  fermentation.  The  nrine  in 
alkaline  fermentation  becomes  paler  and  is  often  covered  with  a  6ne  mem- 
brane which  contains  amorphous  calcium  phosphate  and  glistening  crystals 
of  triple  phosphate  and  numerous  mlcro-organisma. 

Non-organited  Bediments. 

Vrie  Acid.  This  acid  occurs  in  acid  urines  as  colored  crystals  which  are 
identified  partly  by  their  form  and  partly  by  their  property  of  giTing  the 
miirexid  test.  On  warming  the  nrine  they  are  not  dissolved.  On  the 
addition  uf  caustic  alkali  to  the  sediment  the  cr)'atals  dissolve,  and  when  a 
drop  of  this  solution  iii  placed  on  a  microscope-slide  and  treated  with  a  drop 
of  hydrochloric  ncid,  small  crystals  of  uric  acid  arc  obtained  which  are  etnly 
seen  under  the  microscope. 

Acid  Urates.  These  occur  only  in  the  sediment  of  acid  or  neutral 
urines.  Thoy  are  amorphous,  clay-yellow,  brick-red,  roae-oolored,  or  brown- 
ish TQii.  They  differ  from  other  eedimenta  in  that  they  dissolve  on  warming 
the  nrine.  They  give  the  murexid  test,  and  small  microscopic  crystals  i^ 
uric  acid  separate  ou  the  addition  of  hydrochloric  acid.     Crystalline  alkali 

'  See  Hupt>CFt-Xeuliai)cT.  10.  Aull,  and  A.  RIttcr,  Zeltachr.  t.  Biologie.  Bd.  8S. 

*  JIuaculua.  Pfluger's  Arcb.,  Dd.  IS. 

■  Salkowaki.  'Mlacht.  t  phyalol.  Cliem.,  Bd.  1& 
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urates  occnr  rery  rarely  in  the  orine,  and  as  a  mle  only  in  such  as  have 
become  ncutml  but  not  alkaline  by  the  alkaline  fermenUitioc.  The  crystals 
aro  somewhat  similar  to  those  of  neutral  calcium  |)hosp]iatc;  they  are  not 
dissolved  by  acetic  acid,  however,  but  give  a  cloudinosa  therewith  due  to 
Email  crystals  of  uric  acid. 

Avimonium  urate  may  indee4l  occur  as  a  sediment  in  a  neutral  urine' 
which  at  fir«t  was  sLrougly  acid  und  has  become  neutralized  by  the  alkaline 
fermentation,  but  it  is  only  characteristic  of  ammoniacal  urinee.  This  sedi- 
ment consists  of  yellow  or  brownish,  rounded  spheres  which  are  often  covered 
with  thorny-shaped  prisms  and,  because  of  this,  are  rather  large  and  resemble 
the  thorn-apple.  It  gives  the  mnreiid  test.  It  is  dissolved  by  alkalies  with 
the  development  of  ammonia,  and  crystals  of  uric  acid  separate  on  the  addi- 
tion of  hyilruohloric  acid  to  this  solution. 

Cahiwn  oxalate  occurs  in  the  sediment  generally  aa  small,  shining, 
strongly  refractive  quadratic  octahedra,  which  on  microscopical  examination 
remind  one  of  a  letter-envelope.  The  crystals  can  only  be  mistaken  for 
small,  not  fully  developed  crystals  of  ammonium- magnesium  phosphate. 
They  differ  from  these  by  their  iusoltibility  in  acetic  acid.  The  oxidate  may 
also  occur  as  flat,  oval,  or  nearly  circular  disks  with  central  cavities  which 
from  the  side  appear  like  an  hour-glasf^.  Calcium  oxalate  may  occnr  as  a 
sediment  iu  an  acid  as  well  as  in  a  neutral  or  alkaline  urine.  The  quantity 
of  calcium  oxalate  sejuirutod  from  the  urine  aa  sediment  depends  not  only 
npou  the  amount  of  this  salt  present,  hut  aUo  upon  the  acidity  of  urine. 
The  solvent  for  the  oxalate  in  the  urine  seems  to  be  the  di-acid  ulkali  phos- 
phnto,  and  the  greater  the  quantity  of  this  salt  in  the  urine  the  greater  the 
quantity  of  oxalate  in  solution.  When,  iis  nborc  mentioned  (pnge  513),  the 
simple-ocid  phosphate  is  formed  from  the  di-acid  phosphate,  on  allowing 
the  nrine  to  stand,  a  correaponding  part  of  the  oxalate  may  be  separated  as 
sediment. 

Calcium  carbonate  occurs  in  considerable  r^uantities  as  sediment  in  the 
urine  of  herbivora.  It  occurs  in  but  small  quantities  as  a  sediment  in  human 
urine,  and  in  fact  only  in  alkaline  urines.  It  cither  Ims  idmoHt  the  same 
appearance  as  amorphouB  calcium  oxalate,  or  it  occurs  as  somewhat  larger 
spheres  with  concentric  bands.  It  dissolves  in  acetic  acid  with  the  genera- 
tion of  gm,  which  differentiates  it  from  calcium  oxalate.  It  is  not  yellow 
or  brown  like  ammonium  urate,  and  does  not  give  the  murexid  teat. 

Gild'im  t%iljihtiie  orcura  very  rsrcly  as  a  scdiDLcnt  in  alronsly  acid  urlae.     It  oppokn 
u  long,  thin,  colorlvu  acedles.  or  gcDeraDy  u  plalcs  grouped  logether. 

Caicium  Phonphatt.     The  calcicm  triphospbate,  Ca,(PO,), ,  which 

occurs  only  in  alkaline  urines,  is  nlways  amorphous  and  occurs  partly  as  a 

colorless,  very  fine  powder  and  [lartly  as  a  membrane  consisting  of  very  fine 

granules.     It  differs  from  the  amorphous  urates  in  that  it  is  cnlorleas,  dia- 

solves  iu  acetic  acid,  but  remains  undissolved  on  warming  the  nrine. 
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CALCirK  DipnospnATK,  CaHPO.  -J-211,0,  occura  in  neutral  or  only  in  very 

faintly  acid  urine.  It  is  fouud  sometimes  as  a  thia  film  covering  tbe  uriue, 
and  sometimes  as  a  sediment.  In  crystullizicg,  the  crystals  may  be  single, 
or  tliey  may  cross  one  anoilier,  or  they  may  be  arranged  in  gi-oups  of  color- 
less, wedgK-sliiiiied  crystals  whose  wide  end  is  sharply  defined.  These  crys* 
tals  differ  from  cr}'stall)ne  alkali  urates  in  that  they  dissoWo  irithout  a 
residue  in  dilute  acids  and  do  not  give  the  murexid  test. 

AmntoiiiummnpiMium  phosphide,  tripi-E  rHOSPnxTE,  may  eejiomte  of 
course  from  an  am|ihoteric  arine  iu  the  presence  of  a  sufficient  quantity  of 
ammonium  salts,  but  it  is  generally  characteristic  of  a  uriuo  become 
an^inoiiisoiil  ihrongli  alkaline  fermentation.  The  cr)'atala  are  so  largo  that 
they  may  be  seen  with  tlio  unaided  eye  as  colorless  elistening  ]iarticles  in 
the  sediment,  on  the  walls  of  the  veisel,  and  in  the  aim  on  the  surface  of 
the  urine.  This  salt  forms  large  priatnatin  crystals  of  the  rhombic  by»te[n 
(coffiu-ehapcd)  winch  arc  easily  aolublo  in  acetic  acid.  Amorphous  tnagiu- 
Slum  triphosphate,  Mg,(i'OJ,,  occaira  with  calclnm  triphosphate  in  oriDW 
rendered  iilkalinu  by  a  lixed  alkali.  Crystalline  magnesium  phosphate, 
Mg,(PO,),  -|-  2211,0,  lias  been  observed  in  a  few  cases  iu  human  urine 
(also  iu  horse's  urine)  as  strongly  refractive,  long  rhombic  plates. 

K^tein  iti  tkic  film  wUicU  uppenrs  after  b  ]itiU>  nrliilenn  Lbe  surface  at  (he  uHiie.  TLU 
eoRting,  wUicli  was  formerly  <;oi)sii;lere<t  i\s  rbarftcir.ri«llc  of  urine  In  pregnancy,  coDUiQf 
TBrinuD  elt-meiils,  euch  m  fuogi,  vibriouea,  I'pillieliiim-oellB,  etc.  It  ofleo  coatalni 
cartliy  pliosptiAtcK  iind  irlple-i'liosphftle  crysuils. 

Aa  mort!  lare  HeditnL-uls  we  tlnd  rgtlin.  tyrvain,  Aifipurie  luid,  janthin,  Aamataidif^ 
Id  filkulloe  urine  blue  cryetals  of  imh'ffo  iiiny  also  occur,  due  to  a  decompodtloa  of 
indt«yl-glycuroulc  ncJd. 


Urinary  ColculL 

Besides  certain  pathological  constituents  of  the  urine,  all  those  urinary 
constituents  which  occur  as  sediments  take  part  in  the  formation  of  tbe 
urinary  calculi.  Ebsteik  '  considers  the  essential  difference  between  im 
amorphous  or  crystalline  sediment  in  the  urine  on  one  side  and  urinaiy 
Baud  or  large  calculi  ou  the  other  to  be  the  occurrence  of  an  organic  frune 
in  the  lost.  As  the  sediments  which  appear  in  normal  acid  urine  and  in  i 
urine  alkaline  through  formentation  are  ditfcrcut.  so  also  are  the  nrinarr 
calculi  which  a|ipear  under  corrcspoudiiig  conditions. 

If  tlie  formation  of  a  calculus  and  its  further  development  take  place  in 
an  undecompo»ed  urine,  it  i»  called  a  puimaby  formation.  If,  on  the  oon* 
trary,  the  urine  has  undergone  alkaline  fermentation  and  the  ommooii 
formed  thereby  hiw  given  rise  to  a  calculous  formation  by  precipitating 
ammonium  urate,  triple  phosphate,  and  cartby  phosphates,  then  it  is  called 
a  beco>;daby  (ormaiiou.     Sucli  a  formation  Lakes  place,  for  iustoQCfi,  when 
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a  foreign  body  in  the  bladder  produces  catarrli  accompanied  by  alkaline 
fenneulation. 

We  diBcriminato  between  the  nnclcas  or  nuclei — if  such  can  be  &eeu — 
and  tbe  different  layers  of  the  ciilciihis.  The  nucleua  may  be  essentially 
dUTereot  in  different  cases,  for  quite  frequently  it  consists  of  a  foreign  body 
introduced  into  the  bladder.  The  calculus  may  have  more  than  one  nu- 
cleus. In  a  tabulation  mjide  by  Ultzmann  of  545  ca«8  of  urinary  calculi, 
the  nucleus  in  80-!*^  of  the  caaos  consist^^d  of  uric  acid  (ami  urates);  in, 
5.6^,  of  calcium  oxalate;  in  ft.C)(,  of  earthy  pboapbatoa;  in  \A%,  of  cystin; 
and  in  3.3^,  of  some  foreign  body. 

During  tho  growth  of  a  calculus  it  often  hnijpens  that,  for  some  reason 
or  other,  tho  original  calculus-forming  substance  is  covered  witli  another 
layer  of  a  different  substance.  A  new  layer  of  the  origiunl  sabetAnce  may 
deposit  on  the  outside  of  (hia,  and  this  jirofcs^  niay  be  repented.  In  this 
way  a  calculus  consisting  originally  of  a  simple  stone  may  be  converted  into 
a  so-called  compound  stone  with  seToral  layers  of  different  subBtauces. 
Such  calculi  are  always  formed  when  a  primary-  is  changed  into  a  secondary 
formation.  By  the  continued  action  of  an  alkaline  urine  containing  pus, 
the  primary  constituents  of  an  originally  primary  calculus  may  be  partly 
dissolved  and  be  replaced  by  pboaphates.  MeUiinorphosed  urinary  calculi 
are  formed  iu  this  way. 

Uric-acid  calniU  are  very  abundant.  They  are  variable  in  siKe-and 
form.  The  size  oi  the  bladder-stone  varies  from  that  of  a  pea  or  bean  to 
that  of  a  goose-egg.  Uric-acid  stones  are  always  colored;  generally  they 
are  grayish  yellow,  yellowish  brown,  or  pale  rod-brown.  The  upper  surface 
is  sometimes  entirely  even  or  smooth,  sometimes  rough  or  uneven.  Koxt 
to  the  oxalate  calculus,  the  uric-acid  cah-ulus  is  the  hariieat.  The  fractured 
sitrface  shows  regular  concentric,  unequally  coloml  layers  which  may  often 
be  removed  as  shells.  These  calculi  are  formed  primarily,  Layers  of  nrio 
acid  sometimes  altcmat*  with  other  layers  of  primary  formation,  mott 
frcrpiently  with  layers  of  calcium  oxalate.  The  simple  uric-acid  calculus 
leaves  very  little  residue  when  burnt  on  platinum- foil.  It  gives  the 
marexid  test,  but  there  is  no  material  davelupmeut  o(  ammonia  when  acted 
on  by  caustic  sixla. 

Ammoniuni-umtg  aih'iiU  oeonr  aa  primary  calculi  in  new-bora  or  nnrs- 
ittg  infants,  rarely  in  grown  persons.  They  often  occur  aa  a  secondary 
formation.  The  primary  stonoa  are  amal],  with  a  pale-yellow  or  dark, 
yellowish  snrface.  When  moist  they  aro  almost  liko  dough;  in  the  dry  state 
they  are  earthy,  easily  crumbling  into  a  pale  powder.  They  give  the 
murcxid  test,  and  develop  much  ammonia  n-ith  caustic  soda. 

Calcium-ozalate  calculi  are,  next  to  uric-acid  calculi,  tho  most  abundant. 
They  aro  either  smooth  and  small  (hemi'-bceu  c.\.u:rLi)  or  larger,  of  the 
size  of  a  ben's  egg,  with  rough,  uneven  surface,  or  their  surface  lsca^«n& 
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OATe  Maosiifiil  cTTza^Iis*  cexmic     Tbe  phaqAaac  eadCEii  do  sot  bvza  ap, 

ai;d  th«  povdtr  diMolTc*  in  acid  vitlMKit  cAerraeaaee,  *&d  i^  Mixtwa  gnai 

the  re»rt:orii  for  ph<«pb<nic  acid  and  alkaline  earths.    TW  trifde-pboc^iate 

cal':z\l  g^Leraos  uniriorjia  on  the  addition  o'  as 


OtMnm^-earii'iuiU  ^alcvli  occ<ir  clifeflj  io  berbtvorm.  Tbn-  uc  mdoae  focad  in  ntu. 
Td«j  L»Te  m"**.;/  ciiA.kj  prryp^rrtim.  and  ai*  ord.B»rfT  vfai^c     Tbry  mx^  cocapjcurir  or 

Cp$Un  ailculi  ttcnir  bul  n^ld'fin.  Tbcy  are  of  prteur  foncutaa.  of  vsjioas  ywr, 
noiiietlmM  a«  )»rc«  m  a  ti«tj'K  k^ii.  Tttej  faare  a  nDoxh  or  nx:^ b  mrfacc  are  whiir  or 
pal«  j«ll0w.  a/j<r  hare  a  crjr«lailln«  frartare.  Tber  are  boc  my  hard  :  ther  are  ooa- 
■uin«il  alm''i«t  frfilircly  on  itlallniim  iiAl,  barniog  wiifa  a  bCoBh  'Same.  Tber  give  the 
aiKiTcnifrniifyfiM  r'«<-tionN  f(/r  cyNlln. 

X/iJithin  ailenU  nre  T«ry  rarely  fouod.  Tbey  are  also  of  primair  fomatioii.  IV; 
vary  from  ihe  klz^  of  a  [lea  to  that  "i  a  ben's  eu.  Tber  aiv  Thiiiah.  Tellowish  brown 
tiT  duri«iii'/ii  liniwn  in  color,  of  medlutn  banHiesa.  with  amorrtltoua  fracture,  and  on 
nibblriK  a|fi**-ar  like  wax.  Th(ry  hum  up  completelT  when  heated  on  platiiiQm  fml. 
They  t(1'«  il")  xarttltlu  readioii  with  nliric  acid  aod  al&ali,  bat  this  must  not  be  mitiakea 
for  the  iriurejii'l  U-m\.. 

UroMLuiUtlt  fiUfuU  have  )>een  olmerred  only  a  few  times.  Id  the  moist  state  they  are 
•oft  KUil  elnkllr  at  Ihn  l(?trj|>erNtiire  of  the  body,  butio  the  drj-  state  ihey  are  brittle,  with 
an  nrrior|>lioii«  frnciuni  Aitd  waiy  appearaoce.  Tbey  burn  with  a  luminous  flaoM 
when  h'Mteil  on  ptaliniiiii  foil,  and  generate  an  odor  similar  to  resio  or  shellac.  Sudi  s 
calculus,  lnv<)«llKnt(til  hy  KlKiXKNllBBO,*  consisted  of  paraffine  derired  from  a  paraffine 
b<jUf(le  uwid  MS  II  soiiikI  on  ihe  patlfrnt.  Perhaps  tbe  urostenliih  calculi  otnerved  in  other 
caaes  had  na(tnlhirorl((ln,  nlthoiiifli  the  substances  of  which  tbey  consisted  have  not  htxn 
closely  Ktiidl4:d.  IloiiiiAc/KwuKt  has  recently  analyzed  a  case  of  uroetedlith  which.  \a 
ail  apliearaticcH,  wns  forin<-it  In  the  bladilcr.  This  calculus  contained  25  p.  m.  water, 
8  p.  m.  InorKitilc  btxIleN,  117  p,  m.  bodies  insoluble  in  ether,  and  850  p.  m.  organic 
bodlai  ■oIuIiTh  In  elh(!r,  nmoiiti  wlilcli  were  5IS  p.  m.  free  fatty  acids,  835  p.  m.  fxt.  and 
traces  of  choleslerln.  Ilie  fatty  acids  consisted  of  a  mixture  of  stearic,  palmiiic,  aod 
probably  myristio  acids, 

>  Chem.  Uotenucli.  z.  wli*vnich.  Hed.,  Bd.  2.    Cited  from  Maly's  Jafarasber.,  3L 
10,  8.  439. 
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HoKBACZEwSKi '  hoa  also  aualyzed  a  bladder-stooe  wblcb  contained  956.7  p.  m.  eha- 
leiterin. 

Fibrin  calculi  aometimea  occur.  Tber  consist  of  more  or  less  changed  fibrin  coagu- 
lum.     Ou  buruing  tliey  develop  an  odor  of  burnt  born. 

The  chemical  investigation  of  urinary  calculi  is  of  great  practical  impor- 
tance. To  make  such  an  examination  actually  inetrnctive  it  is  necessary  to 
investigate  separately  the  different  layers  which  constitute  the  calculus. 
For  this  purpose  saw  the  calculus,  previously  wrapped  in  paper,  with  a  fine 
saw  BO  that  the  nucleus  becomes  accessible.  Then  peel  off  the  different 
layers,  or,  if  the  stone  is  to  be  kept,  scrape  off  enough  of  the  powder 
from  each  layer  for  examination.  This  powder  is  then  tested  by  heating  on 
platinum  foil.  It  must  not  be  forgotten  that  a  calculus  is  never  entirely 
burnt  up,  and  also  that  it  is  never  so  free  from  organic  matter  that 
on  heating  it  does  not  carbonize.  Do  not,  therefore,  lay  too  great  stress  on 
a  very  insignificant  unbumt  residue  or  on  a  very  small  amount  of  organic 
matter,  but  consider  the  calculus  iu  the  former  case  as  completely  burnt  and 
in  the  latter  as  not  burnt. 

When  the  powder  is  in  great  part  burnt  np,  but  a  significant  quantity  of 
unbumt  residue  remains,  then  the  powder  in  question  contains  as  a  rule 
urates  mixed  with  inorganic  bodies.  In  such  cases  remove  the  urate  with 
boiling  water,  and  then  test  the  filtrate  for  uric  acid  and  the  suspected  bases. 
The  residue  is  then  tested  according  to  the  following  schema  of  Heller, 
which  is  well  adapted  to  the  investigation  of  urinary  calculi.  In  regard  to 
the  more  detailed  examination  the  reader  is  referred  to  special  works  ou  the 
subject. 

*  ZelUcbr.  f.  pbyslol.  Cbsm.,  Bd.  18. 
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iK  the  strnctnre  of  the  ikia  of  man  and  rertebratee  manj  different 
kinds  of  snbataiicea  occur  which  have  already  been  treated  of,  snch  as  the 
conatitucLU  of  the  epidermis  formation,  tlie  connective  and  fatty  tissuea, 
the  nerves,  mnsclee,  etc.  Among  these  the  diflerent  born -formations,  the 
hair,  naila,  etc.,  whoee  chief  consdtnent,  keratin,  bas  been  spoken  of  in 
another  chapter  (Chap.  II),  are  of  Bpecial  interest. 

The  cells  of  the  homy  formation  show,  in  proportion  to  their  age,  a 
different  resistance  to  chemical  reagente,  especially  fixed  alkalies.  The 
joanger  the  horn-cell  the  hsa  resistance  it  hae  to  the  action  of  alkalies;  with 
adrancing  age  the  reiiistance  hecomeH  greater,  and  the  cell-membranes  of 
many  horn-formations  are  nearly  insolable  in  caustic  alkalies.  Keratin 
occars  in  the  horn-formation  mixed  with  other  bodies,  from  which  it  is 
isolated  with  difficnlty.  Among  these  bodies  the  mineral  constituents  in 
many  cases  occapy  a  prominent  place  becanse  of  their  qnatitity.  Hair 
leaTea  on  burning  6-70  p.  m.  ash,  which  may  contain  in  lOOD  parts  230 
parts  alkali  snlphateei,  140  parta  calcium  sulphate,  lUO  parts  iron  oxide, 
and  eren  400  parts  silicic  acid.  Dark  hair  on  burning  seems  generally, 
althongh  not  always,  to  yield  more  iron  oiide  than  blond.  The  nails 
Are  rich  in  calcium  phosphate,  and  the  feathers  rich  in  silicic  acid,  which 
DREcnsi:T. '  claims  exists  in  part  in  organic  combination  aa  lui  ester. 

The  granules  occnrring  in  the  stratum  granulosnm  of  the  skin  consist  of 
a  substance  which  has  been  called  eleidin,  and  wbicli  is  considered  as  an 
intermediate  step  in  the  transformation  of  the  protoplasm  into  keratin. 
The  chemical  nature  of  this  substance  ia  unknown. 

The  skin  of  invertebrates  has  been  the  subject,  in  a  few  ca^es,  of 
chemical  investigation,  and  in  these  animals  various  substances  have  been 
found,  of  which  a  few,  though  little  studied,  are  wortli  discuKsiiig.  Among 
these  bodies  tumcin^  which  is  fonnd  especially  in  the  tunic  of  the  tnnicata, 
and  the  widely  diffnsed  chitin,  found  in  the  cuticle-formation  of  inverte- 
brates, are  of  interest. 

Tinlein.  CHIuIobc  seemi',  sccnrdtng  to  ihe  lovegttgstloDs  of  Amrron'k,  to  ocrur 
rallier  rxtcasivety  ia  ibc  antmBl  kingdom  Id  the  artlir:>poda  nird  the  molliLiks.  I:  l;as 
been  liuowu  for  ■  long  lime  u  Ihi-  tunic  of  llit>  ttsnieata,  huiI  tbis  auiuinl  criluluse  waa 
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Culled  luuicio  by  Urkthblot.    AccorOiog  to  ttie  roceul  iavesUgattoni  of  WtNTEnsTECH 
IbiTU  (toes  not  seem  lo  exUt  any  m&rkcil  cifTercoee  bctwveu  tunida  aud  ordinary  re|;t:-    _ 
labtc  cellulose.     On  l>on!Dg  witL  dilutv  acid  tuiiicrln  yields  dcxtroM.  u  showa  Unt  by  ■ 
Fhancuiuont'  anil  la!er  roDticoiiKl  by  Wiktkhstkin.  1 

Chitin  Ib  not  fonnd  in  vertebrates.  la  invertebrates  chitiu  is  alleged  to 
Ot:ciir  io  sercral  daasea  of  animals;  but  it  can  ooly  tw  positively  asserted 
that  trne,  typical  chitia  is  foniid  only  in  articnlated  anim&U,  in  vhieli  it 
forma  the  chief  orgiiuic  coustitueut  of  the  ehell,  etc.  According  lo 
Krawkow*  ohitin  of  tlie  sliell,  etc.,  does  not  seem  to  occur  free,  liot  in 
oombiDation  with  another  snbBtancei  probably  a  proteid-like  body.  Chitiu 
also  occnrs,  according  to  Gilson  and  Wintekstein,'  in  certain  fangi. 

According  to  Sundvik  the  formula  of  chitiu  is  probably  C\,n,,,N,0„ 
+  n(n,0],  where  n  may  vary  between  1  and  4,  and  it  is  probably  an 
amine  deriFutive  of  a  carbohydrate,  with  the  general  formala  «(C,.H„0,J.  ■ 
According  to  Krawkow  chjtin  shows  different  origins  by  ita  naeqaal 
behavior  with  iodine,  and  he  therefore  concludes  that  there  must  eiift 
quite  a  group  of  chitinSr  which  seem  to  bo  amine  deriTBtlves  of  different 
carbohydrates,  such  as  dextrose,  glycogen,  dextrins,  etc.  According  to 
Zander*  only  two  chitins  exiet,  one  of  which  tnms  violet  with  iodine  and 
tine  chloride,  and  the  other  brown. 

Chitiu  is  decomjiosed  on  bolIlDg  with  iinneral  acids  and  yields,  as  sbovn 
ty  Ledderhose,  glucosamin  and  acetic  acid.  ScnwiEnEnERO  *  therefore 
considers  chitin  as  a  probable  acetyl  acetic-acid  combination  of  glacosaoiin. 
If,  aa  prerioaaly  mentioned  (pa^e  318),  the  choudroiliu-sulphnric  acid 
contains  u  ghicoRamin  grouj),  aa  mado  probable  by  the  investigation*  of 
Scn»i:EDEBERO,  then,  accorijing  to  Scumiedkberq,  glocosamin  forms  the 
bridge  which  leads  from  the  chitin  of  lower  animals  to  the  cartilage  of 
higher  organized  beings. 

In  the  dry  state  chitin  forms  a  white,  brittle  mass  retaining  the  form  of 
the  original  tissne.  It  is  insolable  in  boiling  water,  alcohol,  ether,  acetic 
acid,  dllnle  mineral  acids,  and  dilute  iilkalies.  It  is  soluble  in  concentrated 
■cida.  It  is  dissolved  without  decomposing  in  cold  concentrated  hydro- 
chloric acid,  bnt  ia  decompoBod  by  boiling  hydrochloric  acid.  When  cbitic 
is  dissolved  in  concentrated  sulphuric  acid  and  the  solution  dropped  into 
boiling  water  and  then  boiled,  we  obtain  a  substance  (gincosamin,  chitei- 
amin)  which  rednces  copper  suboxide  in  alkaline  solntiona.     On  beatiof 

'  Amljronn,  Mnty's  JnliresfitT.,  B<i.  80:  Bcrtlieloi.  Annal.  de  Chlm.  M  Phys..  Tc«« 
66,  Ciitnpl.  rand.,  Tome  47 ;  'Wli)ter»ieiEi,  ZeitscLr.  f.  pti)-»ial.  Cti6(u.,  Bd.  18 .  Fnocfcl- 
noQt.  Ber  it.  dctiUch.  clien.  Ocwilscli.,  Bd.  12. 

•  Zcilsclir.  (.  BioluKic,  Bd.  ^ 
'  QJWn.  Coinpl.  rend.,  Tome  130;  Wlnterstets.  Ber.  d.  deutscb.  diem.  Ooellw^. 

Bdd.  27  and  38. 

*  Sundvik.  Zeitatbr.  f.  physiol.  Chem..  BJ.  5  ;  Zander.  PflQger's  Arcli..  Bd.  H. 
■  Ledderliote.  Zeiiadir.   f.   pbyslol.  CLem.,  Bdd.  S  and  4  j  8dimt«debprg,  Arck  t 

esp.  Paib.  u.  Pliarm.,  Bd.  28. 
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chitin  with  alkali  and  a  little  water  to  180^  C.  a  cleavage  takes  place, 
-Seylek  and  Ahaki,'  with  the  formation  of  a  new 
C',,II^,X,0„ ,  which  retains  the  shape  of  the  origiual 
chitin  uiid  the  splitting  ofl  of  acetic  acid.  Chitosan  is  disfoWeil  by  dilute 
acids,  alao  acetic  acid,  and  is  colored  Tiolet  hy  a  dilute  iodine  solntion.  It 
splits  into  acetic  acid  and  glucosamin  by  the  action  of  hydrochloric:  ac-id. 
Ou  heating  ivith  acetic  anhydride  it  is  conrerted  into  a  chitin-tike  sub- 
stance, which  ia  not  identical  with  chitin  and  contains  at  least  three  acetyl 
groups.  According  to  Krawkow  tlie  Turions  cliiting  bchare  differently 
with  imlitie  or  with  sulphuric  acid  imd  ioiliiie,  in  ttiat  some  are  colored 
retldish  brown,  bine,  or  violet,  while  others  are  not  colored  at  all. 

Chitin  may  be  easily  prepared  from  the  wings  of  ineocts  or  from  the 
■hella  of  the  lobster  or  the  crab,  tlie  last  mentioned  baring  first  been 
extracted  by  an  acid  so  as  to  remove  the  lime  salt;!.  The  wings  or  eliells 
are  boiled  with  caastic  alliali  nnttt  they  are  white,  afterward  washed  with 
water,  then  with  dilute  acid  and  water,  and  lastly  extracted  with  alcoliol 
and  ether.  If  chitin  so  prepared  is  dltsolved  in  cold,  concentrated  sulphuric 
acid  and  diluted  wit}i  cold  water,  then  pure  chitin  Beparates  out,  having 
been  set  free  from  the  combination  with  the  other  body  (Kr.41VKow). 

ChitoMtnin,  gliirosjiinii).  tins  receiillr  h^eii  prepttrcil  In  llie  cr^euilliae  Ginie  \ix  nn 
finer?!'  nntt  van  KuKHtriElM  ntid  ul»o  bj-  Rhkli:.!!.'  It  is  n^tnnrkably  eiuJly  soluble  In 
water,  but  witli  dlfBcuUy  In  coU1  And  lied  etbyl  alcnlio]  and  lit  Co\i\  m«tbyl  Blroitol.  It 
Is  insululili^  ill  elliur  aud  rlituruforiii.  Ii  is  liL-xlriiruintdrr,  Lili  a  ilrorig  re<iiiir)DgiiciIon, 
and  (le<  ompo«i *  very  remlily.  Chiinuiniin  gires  n  plutiylgliicoitiiiou  wttb  plivnylljyilia- 
zii)  null  iiruiic  n^'icl.  lu  tnclbyl-alcfbul  Miluttnu  n  c-ryHtalliiie  »>iibRianre  frnuJiinliv  Ht-Uk'S 
whfuli  Ih  !  Joutlnil  witb  \\\v  niiluilniH'L-  wliitth  dIoh  I  v  rlniinsiu  from  ii  aolutloi)  of  Icvutose 
in  a  tiitiaiiiikml  metbyl  ali-obol.  Tlio  ronnutioii  nf  tbU  bubsLtiiii'i-,  wbicli  dr  Brcvm  rinil 
Ekbnkteix  hBT«  cftlleil  friirroMimin,  anil  wbUh  gfvraiio  combiimtftm  witb  iiydiocliloric 
acitl,  tbuws,  iiccnnliug  (o  Cb«-9C  fiiv«fltl(^t<jr«,  tbot  Ibe  su^nr  fruiii  wljlcli  cbitu«:itulu  la 
derlrnl  atnmla  In  coniicRilon  wjili  ardiuary  leviiljiw  (sc«  iwgeTII). 

CliitoMmin  hydrncblnrkic  ft  rfiulily  obtnlned  by  bolKiig  cbllla  Oobstersb«ll)  with 
COncKiiliitteil  bj'drotlilnrlr  nrfd. 

HyaliD  IN  till.'  L'liii-f  OfL'aiiic  con»lUiietn  of  tbe  walls  of  bydilld  cyslt.  Prom  n  cbem- 
Ical  (wiiit  of  view  !t  standi  close  (ncbllin,  or  between  h  nnd  >b«  proleUI.  Iii  old  ad(1 
more  tratiHpnreDt  Mkcs  it  is  tolerably  free  from  niirii-ral  builleH,  bin  in  yiningcr  saca  U  cod- 
*a!aa  a  jcreat  quantity  (18^)  of  lime  snlm  (carbonate,  pboipbaic.  and  nulphate). 

Accurdiug  lo  LccHK  ■  lis  compusUioii  Is  : 

C  H  N  O 

From  old  cvAls 45.8        S.S        3.2        48.0 

Fmm  young  ryau 44.1         6.7        4.5        44.7 

It  diffi-rs  from  k«ratin  on  llie  one  liaud  and  from  jiroteida  on  the  otlier  by  tlie  nbsctice 
of  tolpliiir.  also  by  i'n  yliOtHiig,  when  boiled  wltb  dilute  aulpliiiric  ncid,  n  varii-1y  of 
saear  In  lati;«  <)imiililies  (5i)l>i,  wlilcb  U  rvdunitift.  fermeDtabk.  and  dexirogvmte.  It 
4llfl<.'rs  fninicbilln  by  ibe  pnipiTly  of  bi-lnggi»dunlly  dimolved  bycnnslic  potasb  ursodu, 
or  by  diluio  ncids  ;  ulso  by  its  «uliiMllty  on  henllng  wIiIi  water  to  1I>0°  C. 

T^^e  coluring  viatiers  of  the  skin  and  horn-formations  are  of  different 
kinds,  but  have  not  been  much  studied.     Those  occurring  in  the  stratam 


'  Zellsclir.  f.  pliyalol.  Chetn..  Bd.  20, 

■  Dv  Bniyn  anil   Kkcualoin.  Ber.  d.  deutscb.  cbem.  G««en>cb.,  Bd.  81,  S.  !M7fl  j 
Breiicr,  i%«i.,S.  2193. 

*  Vircbow'a  Artlj.,  Bd.  IB. 
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TUB  asm  AND  ITS  BBCRETIOya. 


Malpigbii  of  the  skin,  especially  of  the  negro»  and  the  black  or  broTo 
pigmeDt  occorrtDg  Id  the  hair,  belong  to  the  groop  of  pigmeuta  which 
Imve  received  the  name  inelanins. 

Helanins.  This  groap  includes  eeveral  different  varietieB  of  amorphou 
black  or  brown  pigmenta  which  are  insoluble  in  wat«r,  alcohol,  ether, 
chloroform,  and  diUite  acids,  and  which  occar  in  the  skin,  hair,  epithelinm-  - 
cells  o!  the  retina,  in  sepia,  in  certain  pathological  formations,  and  in  the  \ 
tlood  and  nrlne  in  disease.  Of  these  pigmcnla  there  are  a  few,  snch  as  the 
melanin  of  the  eye,  Schmikde hero's  sarr.omelaiihiy  and  that  from  th» 
melanotic  sarcomata  of  horses,  the  Mppomelanin  (Nencki  and  Bbbdez'), 
which  are  soluble  with  tliflicuU}'  iu  alkalies,  while  others,  snch  as  tht 
pigment  of  the  hair  and  the  coloring  matter  of  certain  pathological  etwelliagi 
in  man,  the  phymatorwin  (Nencki  and  Berdez),  are  easily  eolnhle  id 
alkaliea.  The  hnmus-Iike  prodncta,  called  meUinoidic  acids  by  Schmiedh- 
itKiic,  obtained  on  boiling  proteida  with  mineral  acids,  are  rather  easilj 
soluble  in  alkalies.  Cuittenden  and  Albro  *  have  prepared  melaoio-like 
pigments  by  hoiling  juitialbiiniid  and  heraipeptonc  with  dilute  stilphcric 
ucid.  They  were  iiisohitjle  in  water,  alcohol,  and  ether,  but  were  solnble,  on 
the  coatrar}-,  in  dilate  alkalies.  The  composition  was  somewhat  dilTerent 
according  to  the  length  of  boiling.  The  melanin  from  antialbnmid  wu 
poorer  in  carbon  (54-5H;<)  and  richer  in  sulphnr  (4.35-7.7;<)  than  the 
melanin  from  hemipeptoue,  which  coiitiuned  61.5^  carbon  and  2.!>8f 
sulphnr. 

Among  the  melanins  there  are  a  few,  for  examplei  the  choroid  pigmen^ 
which  are  free  from  snlphnr;  others,  on  the  contrary,  as  sarcomelanin  and 
the  pigment  of  the  hair  and  of  horse-hair,  are  rather  rich  in  Balphnr(-2-4<), 
while  ttiephytnutoruciin  found  in  certain  swellings  Mid  in  the  nrine  (Nexcki 
and  Berdez,  K.  Morxer)  is  very  rich  in  snlphor  (S-lOjf).  Whether  any 
of  these  pigments,  especially  the  phymato rosin,  contains  any  iron  or  not  It 
an  important  though  diapnted  point,  for  it  leads  to  the  qnestion  whethtf 
these  pigments  are  formed  from  the  blood-coloring  matters.  The  pigment 
phymatornsin,  isolated  by  Nencki  and  Berdez  from  melanotic  sarcomata, 
is,  according  to  them,  free  from  iron  and  is  not  a  derivatiTe  of  biemoglobin. 
K.  MoBNER  and  later  also  Rraxdl  and  L.  PFEtprER  fonnd,  on  th«  con- 
trary, that  this  pigment  did  contain  iron,  and  they  consider  it  as  a  derirs- 
tire  of  the  blood -pigments.  The  sarconieianin  (from  a  sarcomatona  liTcr) 
analyzed  by  Schmiedeiieaq  contained  2.7^  iron,  which  was  in  orguiie 
combination  in  part  and  could  not  be  completely  remored  by  dilute 
hydrochloric  acid.  The  sarcomelaninic  acid  prepared  by  Schmiedebeu 
by  the  action  of  alkali  on  this  melanin  contained  1.07^  iron.     The  diff- 


<  Arcli,  f.  exp.  Path.  u.  Plinrm.,  Bdd.  30  and  S4. 
*  Amer.  Jouni.  of  Pbytiol.,  Vol.  8. 
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cnlties  which  attend  the  isolation  and  ptiri6cation  of  the  melaninB  have  not 
been  OTercome  in  certain  caaea,  white  in  others  it  la  qneationabl*  whether 
the  final  product  obtained  has  not  another  composition  than  the  ort^nal 
coloring  matter,  owing  to  the  energetic  chemical  processea  re<;orted  to  in  ita 
pnrlflcation.  Under  each  circnniRtaDceii  it  seems  that  a  tabDlatJon  of  the 
analyses  of  di£Ferent  melanin  preparations  made  up  to  the  present  time  are 
of  secondary  importance.' 

The  one  or  more  pigments  of  the  hnman  hair  have  a  low  percentage 
of  nitrogen,  ^.5'i  (Sikiikr),  and  a  variable  bot  considerable  amount  of 
enlphnr,  2.71-4. 10:^.  The  great  qnantity  of  iron  oxide  which  remains  on 
iocineratinf;  hair  does  not  seem  to  belong  to  the  pigments.  The  pigment 
of  the  negro's  skin  and  hair  was  found  entireljr  free  from  iron  by  Abel  and 
Davis.' 

Id  ftddlllon  to  the  coloHne  matien  of  the  human  nkln  tt  In  In  pUcc  here  to  tre&t  of 
tbe  pigmeuts  fouml  Id  lite  fk\n  or  epidermis-fortiuitioa  uf  animals. 

Tlic  beBiitifiil  culor  of  the  feiLlliers  oT  iiiHoy  lilrcis  ilei>«ii:ls  in  rerliiin  caxs  on  ptirelr 
pliyftiral  caustic  (Inttrfrrein^eplionnnicniO.  but  in  otbcr  ciLseK  ou  coloring  inaiteni  of  vari> 
Otis  kinds.  Such  iv  colnring  mnlt'T  \a  llie  nmorphniin  n^l<liH]i-?iolet  tur/iH",  wliicb  ron- 
tains  7<  coptwr  aod  wLom;  spectrum  ia  very  similar  ly  Ilia!  of  oxyhsemoglobin.  Kar- 
KBNBEUO  *  found  n  lai>[e  uTitnbcr  of  rolorlDg  mntters  in  birds'  featbcrs,  itaiiiHj,  ttwrrp^ 
tKria.  toofttlTin,  uinteoverdin,  taerMbin.  jmttae^lnn,  itnd  othen  irhk-b  caacot  be 
eaunierateil  bi^re. 

Tstronerythrln.  wi  name')  by  Wtrm.  Is  a  rc-il  nmnrjihoua  pigment,  wbfch  Is  soluble  fo 
alcohol  Hini  ellitr,  iiiiti  whtch  occurs  iu  llie  red  warty  spots  over  the  eyes  of  tbe  Ik-ntii- 
cock  mill  tliw  proiue,  ami  whUii  t«  very  -widely  sjireaiT animic  llio  iDvertelinilcs  ^Halli- 
BCHT'^S.  De  Mkrkjkowski,  MAcMfStt*.  Besiiica  tctnmeryilirin  MacMtsm  fuuod  in 
the  slivlla  of  cmtis  ami  lobHtcTs  u  blue  cuUTiti^  matter,  ryanvrrytlatlin,  whk'ii  turns  red 
Willi  ftcida  luid  by  bntliiiff  walcr.  l/amtatoporpfij/riH,  according  lo  MacMuks.*  al&o  oc- 
curs [ii  Ibe  iijtegiinu-iiE«  t>f  c«rtnia  lower  imliiials. 

In  cerlalo  buU€rIlii-n<lli(-pieri()inii>>llii:  white  plfciDeiitof  ibeirings  cntuisis,  aa  xhown 
by  norsiKS.*  of  uric  nctt).  and  CUi-  yellow  pigmetit  of  a  urlc-acld  derlratlre.  Icpidotif  and, 
vhtrh  yields  a  purplf?  siibslaiice,  Upidaptirp/ipn'n.  oii  waroiinL'  with  ililiitc  Hiilphnrir  acid. 

In  addlLloa  to  ttie  coloriuc  mailers  iliim  far  mentioned  a  few  olhcia  found  In  certain 
nntninls  lihmii^h  uol  in  Ibe  ^kiu|  will  be  Kyiokeu  of. 

Carminle  aold,  nr  tbr  rod  pipmcni  of  ll;e  cocbinenl,  rives  on  osirlailon,  acrordlnf;  to 
LlBi*BH«\xx  and  Vn!twi!*CKRl.,*  e^>rhfniUie  add,  Ci»n«Oi.  and  coccinif  acid. 
CiHiOi.  lliv  fint  beiug  the  iri-carbtMilc  arid,  nnd  tha  utlitr  the  dirarbonic  acid  of 
m-cresoi.  The  beautiful  piirpla  solution  of  ammoBtmn  camiinatc  hns  two  alisorpllou. 
baoda  between  D  and  £  which  arc  similar  tn  lljofle  of  oxybflsmoglobtn.  Tljes«  bands  lie 
nearer  lo  Bund  doner  toaclhcr  and  arc  leu  hhar^dy  drmiM.  nrjiif  h  \hti  eTApnnile<l 
residue  from  the  purple- violet  tecretiau,  caused  by  the  action  of  the  suidigbt,  from  the 


'  Scbmledeberg,  "  Element arfoi in cln  einigcr  Klwclsakflrpcr/'ctc,  Arch.  f.  cxp.  Path. 
u.  Pliurm.,  Bd.  89,  cotiiatn«  the  aoalyses  of  other  iDvcall^lon  of  well  as  the  pertinent 
llteruture.     Sec  nlso  K-  MOrner,  Zeil*clir.  f,  pliyatot,  Cheni.,  Bd.  II. 

» Sicher.  Arch.  f.  ex[».  Path.  u.  Pbarm.,  Bd.  20 ;  Abel  and  DiTta,  Jouru.  of  Expi, 
Med..  Vol.  1. 

>  Verglelcliend.  physlol.  Htudlen.  Abtli.  5.  and  (d.  Rellie)Abtb.  1.  8.  IGl.  AbUi.  S,  S. 

1,  Aod  Abtt>.  8.  s.  las. 

*  Wurin.  riled  from  Maly's  Jahrr-sU-r..  Btl,  1  .  IlalllbartOD,  Joiini.  of  Phyaiol.,  Vol. 
6  ;  Merejkowtki,  Compt-  rend..  Tome  &3  ;  XacUtmn,  Proc.  Roy.  Soc,  ISSit,  and  Joum. 
of  Physiol.,  Vol.  7. 

'  Phil.  TnuiB..  Vnl.  \m. 

■  Ber.  d.  Usiitscb.  cbi^ni.  aesellsch.,  Bd.  90. 
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BO-cnlloil  "  pui]))e  ^'lund  "  of  Ibu  liiuic  of  certsiu  speclei  ol  murex  ftnd  purpura.     lis 
cbemicitl  nniun-  bus  ddc  liccn  furcsiigaU'd. 

Aruung  the  rftiiai:iiii('  L-uluiittg  matlcni  fuiiiid  in  liiverlebnles  w«  maj  meolion  blut 
tUntortH.  ai!Uni"ehrorn.l}rmeJfin,  polt/pfJTfthrin,  pfnltcrimn.  anledoniH,  rnuUu^orvbtn, 
Jarilfiirtiii .  Riiil  chlor./phyU. 

Sebum  when  froshly  eocreteii  is  an  oUy  gomi-floid  mass  -vrhich  solidifies 
on  the  Dpper  surface  of  the  skin,  fonniug  a  greas;  coating.  The  qaantitj 
is  very  differaiit  in  different  persons.  IIoite-Sbylbr  has  fonnd  in  the 
sebnni  a  bod^  Bimilar  to  casein  besides  nlbnmm  and  fat.  Cholesterin  ia 
aUo  fotiDd  in  this  fat,  and  in  especially  large  qaantities  IQ  the  vtmix 
casema.  The  solids  of  the  sebum  consist  chioAy  of  fat,  epithelium-cells, 
and  protein  bodies;  the  rc-rnix  cusenstt  \&  made  up  chiefly  of  faL  UCppel' 
found  on  an  arerage  in  the  vernix  cofiBoaa  3-18.52  p.  m.  water  and  138.73 
p.  m.  ether  extractives.     Beaides  cholesterln  be  foaud.  also  isocholesterin. 

On  account  of  the  generally  diffused  view  that  wax  of  the  plant  epider- 
mift  serves  as  protection  for  the  inner  |>arts  of  the  fruit  and  plant, 
LiEHRBicii'  boa  suggested  that  the  combinations  of  fatty  acidn  with  roona* 
toinic  alcohola  aro  the  reason  for  the  resistance  property  of  the  waxes  ae 
compared,  with  the  glycerin  fats.  Ho  also  considers  that  the  cholesterin  fate 
play  tho  r6le  of  a  protective  fat  in  the  animal  kingdom,  and  be  has  been 
able  to  detect  cholesteriu  fat  in  human  skia  and  air,  in  vertiiz  coittaa, 
vhatebone,  tortoise-shell*  cow's  born,  the  feathers  and  beaks  of  aeveral 
birds,  the  prickles  of  the  hedgehog  and  porcopiae,  the  hoofs  of  horses,  etc. 
He  diMws  tho  following  conclusion  from  this,  namely,  that  the  cholestwio 
fata  always  appear  in  combination  with  the  keratiuous  substance,  aod  that 
the  cholesterin  fat,  like  the  wax  of  plants,  serves  as  protection  for  the  akin* 
surface  of  animals. 

Tn  Iba  fatty  prDtectfve  suIntAiice  ftecretect  by  tlie  psyll*  alnl  Sckdtik*  bas  foatiii 
psylloaleHrvl  etlier,  Ct<HiigO, ,  wlilcb  itpllut  oo  taking  u^  water  luto  two  molecules  oft 
di<*aIeot  ulcobol.  i>»silotUtir!fi  aleofiol,  C,»litmO, . 

Cerumen  is  a  mixture  of  the  secretion  of  the  sebaceous  and  sweat  glands 
of  the  cartilaginoDs  part  of  the  onter  organs  of  hearing.  It  contains  chiefiy 
Boapii  and  fut,  and  besides  these  a  red  substance  easily  soluble  in  alcohol  and 
with  a  bitter-sweet  taste.* 

The  preputial  secretion,  gmegma  prteputii^  contains  cbielly  fat,  also 

cholestcrin  iind  amtnonicim   soaps,    which    probably  are    produced   from 

deconij)osed  urine.     The  bippuric  acid,  benzoic  acid,  and  calcium  oxalau 

found  in  tlie  Binegma  of  the  horse  have  probably  tlie  same  origin. 

We  mav  slon  coo-iirlr^r  as  n  prcpiilJnl  iiecretioti  the  <-iuU>rf^tm,  which  l««<pcreled  bytMO 
pecuiiur  )[l>i«lulu'~  ^>>i»  in  tbc  prepuce  of  iba  bviivcr.  This  cattoreum  is  a  mixture  trf 
proteiila,  fat,  rcHios,  tracer  of  plieiiol  (volatile  oil),  niul  a  noii-ultrogeiitzed  iKidy,  c.jjf<>ria, 

'  Huppe-Scyler.  Pliyaiol.  Clicm.,  8.  760:  RRppcI,  Zeltachr.  f.  phydol.  Cbem..  Bd.  51. 

•  Vircbow'9  Arch  .  Bd.  121. 

•Zt-liftcbr.  r.  [^llVBt(l!.  Cht'in..  BM.  IT  Bml  28. 

*  Sou  Lixiuoii  ftud  Martz,  Muly's  Jabiesbcr.,  Bd.  27.  S.  40. 
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crnl&IIIziDg  lo  four-iided  needle*  from  alcohol,  lotoluble  (n  cold  w&t«r.  but  ■omewlut 
■uluble  iu  twtllug  WKti-r,  auJ  wluMe  c^/mpositlOD  U  liltle  koown. 

In  the  !ie(!reiion  frcm  tlic  nnal  i;lsmls  of  the  skunk  butyl  mcrcsplan  and  alkjl  fiilplild* 
have  been  fuutiil  (Aldrich.  £.  BECKMA>'N'i. 

Woai-fat,  ur  Ibu  M>-cfJJtil  f&t-Bwual  uf  elierp,  Is  u  mixture  of  the  eecTPlion  of  (he 
ludoriparouB  and  aebaccous  ghtoda.  Wc  find  is  ibe  wnteiy  cilract  a  larcc  qimulily  of 
DotHsaium  which  b  combluvd  willi  organic  acid,  volalile  aud  oun-ToliiLnL'  fnity  nclda. 
Deozolc  add.  phenni-auIphuHr  ncid,  luetic  kpXA,  mnllc  ncJil,  micdnic  add,  iin<l  others. 
The  fat  contains,  among  otbei'  bodies,  abumtuDt  quautlties  of  eilera  of  fatlv  ncidtt  wiib 
CbntcnUrin  and  tsoclioleali^rin  Darmrtaiitkm  and  I.iPPcnCT?,'  have  foutid  oilier  alco- 
hols in  «ool-fai  besides  mTristk  acid. also  two  oxyfatly  iicids,  Ianoc«ric  acid,  C'tDn.«0«, 
and  Ittijtipajiiiliic  itcid,  r,,HiiO) . 

The  sccn-liOQ  of  the  coccy^l  glaads  of  ducks  and  gccse  contains  a  body  stiiiilar  to 
Caneiti.  beaidea  albumin,  ouclein,  lecitbiii,  and  fat,  but  no  tMgar  (Or  Jonqk).  Pols'iuoiia 
bodies  bare  bt-cu  fotiiiil  Id  the  sefretion  of  tlie  aklii  of  Ihc  salamander  and  the  loi.d  re- 
BpectiTeJy,  tamandarin  (ZaLEDKi,  FAt^ST)  and  bufidin  (Jobxaua  aud  Casali*). 

The  Sweat.  Of  the  eecretioDB  of  the  ekin,  whose  quantity  amountA  to 
mbout  ^i  of  the  weight  of  the  body,  a  disproportionally  large  pnrt  conaisis  of 
wnter.  Next  tn  Die  kit^neye,  the  fikiti  in  nmti  is  the  ntost  iinportatit  means 
for  the  eliminution  of  water.  As  the  glands  of  the  ekiii  and  the  kidneys 
stand  near  to  each  other  in  regard  to  their  functions,  they  may  to  a  certain 
extent  act  vicarionety  for  one  another. 

The  ci re n Distances  which  iiifluenoe  the  secretion  of  sveat  are  very 
nnmeroas,  and  the  qnantity  of  sveat  secreted  mnet  consequently  vary  very 
coDBidersbly.  The  secretion  differs  for  diCTereut  parts  of  the  skin,  and  it 
baa  been  stated  thut  Ute  {>erfipinitinn  of  t!ie  cheek,  that  of  the  palm  of  the 
hand,  and  that  nnder  the  arm  t^tand  to  each  other  as  100  :  90  :  45.  From 
the  nne^ual  secretion  on  different  parts  of  the  body  it  follows  that  no 
results  OS  to  the  inantity  of  secretion  for  the  entire  surface  of  the  body  can 
be  calculated  from  tite  quantity  secreted  by  a  small  part  of  the  skin  iu  a 
given  time.  Id  determining  the  total  qnantJty  a  stronger  secretion  is  as  a 
mle  pru'hiced,  and  as  the  glands  can  with  diHtculty  work  for  a  long  time 
■with  the  same  energy,  it  is  hardly  correct  to  estimate  the  (]iia(tttty  of  secre- 
tion per  day  from  a  strong  secretion  daring  only  a  short  time. 

The  perspiration  obtained  for  investigation  is  never  quite  ])nre,  but 
contains  cast-off  epidermis-cells,  also  cells  and  fat-g1ohulea  from  the 
sebaceous  gtande.  Filtered  sweat  is  a  clear,  colorless  Hnid  with  a  B.iUy  taste 
and  of  different  odors  from  different  parts  of  the  body,  The  physiological 
reaction  is  acid,  according  to  most  statements.  tTticler  certain  conditions 
also  an  alkaline  sweat  may  be  secreted  (TKrMi*T  and  LirciisiKUER,  IIei'ss). 
Aq  alkaline  reaction  may  also  depend  on  a  decomposition  with  the  fotma- 
tion  of  ammonia.  According  to  a  few  investigators  the  physiological 
reaction  is  alkaline,  and  an  acid  reaction  depends,  according  to  thepo  Inves- 

■  Aldrich,  Joiirn.  uf  Expt.  Med.,  Vol.  1  ;  Beckmuuii,  Maly'a  Jnhraaber.,  Bd.  SS,  3. 
M6. 

■  Her.  il.  (leitloch.  cliem.  Oesellach..  Bild.  SO  and  SI. 

■Dc  Joiige,  Zt>li«chi-.  f.  pbyftlnl.Clietn..  Bd.  8  :  Zalc4ki.  Hoppu-Seylcr's  Med.-cliem. 
Tnteraurh.,  S.  sn  ;  Fmist,  Arch.  f.  exp.  Path.  u.  Pliami..  Bd.  41 ;  Jornarn  and  Cssall, 
Maly'a  Jabru-aber..  Bd.  8. 
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tigators,  upon  an  admixtore  of  fatty  acids  from  the  sebum.  Mobiogia 
found  that  the  sweat  from  herbivora  was  ordinaril;  alkaline,  while  tliat 
from  carnirora  was  generally  acid.  According  to  Smith  '  horse's  sweat  is 
strongly  alkaline.     The  specilie  gravity  of  human  sweat  is  1.003-1.005. 

Perspiration  contains  977.4-995.0  p.  m.,  average  988.2  p.  m.,  water, 
and  4.i-!i^2.6  p.  m.,  average  11.80  p.  m.,  solids.  The  organic  bodies  are 
neutral  fats,  choksterin,  ^^latih  fatty  acids ,  traces  of  proteid  (according  to 
Lbclkho  and  Smith  always  in  liorscs,  and  according  to  Gauub  regularly  id 
man,  while  Leube*  claims  only  sometimes  after  hot  baths,  in  Brioht's 
disease,  and  »fcer  the  ase  of  pitocarpio),  also  creatinin  (CApUAKiCi.), 
aromatic  oxyacidst  ethereal-snlphunc  acids  of  phenol  and  skatoryl  (Kast'), 
but  not  of  indoxyl,  and  lastly  urea.  The  quantity  of  nrea  has  been  deter- 
mined by  Auui'TiNSKY.  In  two  steam-barh  experiments,  in  which  in  the 
ccnrse  of  4  ^^^  %  hour  reapectively  he  obtained  235  and  330  c.c  sweat,  he 
found  1.61  and  1.24  p.  m.  urea.  Of  the  total  nitrogen  of  the  sweat  in 
these  two  experiments  GB.5<^  and  74. 9<  respectively  belong  to  the  nreik 
From  Ahgl'TIKSKy's  experiments,  and  also  from  those  of  Cn.xMnR,'  it 
follows  that  of  the  total  nitrogen  a  portion  not  to  be  disregarded  is  elimi- 
nated by  the  sweat.  This  portion  was  indeed  12;^  in  an  expeiiment  of 
Cramer  at  high  temperature  aud  powerful  uiuwalar  activity.  Crxmkr 
has  utao  fonud  ammonia  in  the  sweat.  In  nm^mia,  and  in  ischuria  in 
cholera,  nrea  may  be  secreted  in  snch  quantities  by  the  sweat-glands  that 
crystals  deposit  npou  the  skin.  The  mineral  bodies  consist  chietly  of  sodium 
chloride  with  soino  potosainm  chloride,  alkali  sulphate,  and  phosphate, 
The  relative  quantities  of  these  in  perspiration  differ  materially  from  the 
quantities  in  the  urine  (Favbg,*  Kast).  The  relationship,  according  to 
Kast,  is  as  follows: 

Cblorine  :  Phnspbnie  :  Sii1pliml« 

lu  p«r»piralion 1  0,0015     :     0.009 

111  uHdb I         :      0, 1 820      :     0. 8&7 

Kast  found  tliat  the  proportion  of  ethereal -sulphuric  acid  to  the  sol- 

phate-sdlphuric  acid  in   sweat  wad   I  :  12.     After  the  ailministration  of 

aromatic  substances  the  ethereat-aulphnric  acid  does  not  increase  to  the 

same  extent  in  the  sweat  as  iu  the  unne  (see  Chapter  XV}. 

Sugar  mAj  \>ta*  into  the  sweat  io  diab«t4.-s,  but  ttie  passage  of  ihe  bil»<oinrlog  nutten 

BenuM 


baa  uot  bt^ii  pimliively  slionu   In  Ibia  »ecn:tioD. 


aeid,  neeitiic  add.  tartaric 


>  Trtlmpy  and  Luchdnger,  PtiOger's  Arch.,  Bi1.  18  ;  Ueuas,  ')l!n\y'%  Jahresber,  Bd. 
23;  Moriggia.  Mo'esrhoH'i  L'tilertucb.  zur  Nuturlelirc.  Bd.  11 :  Siiiilb,  Jouni.  o(  Pb;*- 
lol.,  Vol.  11.  In  JvgnTtS  to  ttitt  older  llterattire  on  BWtnt  tee  Ucrmnnti'a  Uaudbucb.  Bd- 
S,  TbI.  1.  e.  4^1  aud  543. 

*  Lecltrc.  Compl,  teud..  Tome  107  ;  Gaiib«,  Mnlj's  Julirosbcr..  Bd.  33  ;  Leube,  Wt- 
Chow'a  &.nh..  Bdd.  48  aud  50,  and  Arcb.  f.  klin.  .Med.,  Bii.  7. 

*  Capraiitca.  Maly's  Jahresber.  Bd.  12  ;  Kaat.  Zeiucbr.  f.  pliya[yl,  Chem..  Bd.  IL 

*  Arguliubky,  PQQgcr'a  Arcb..  Bd.  4(( :  Cramer,  Arcb.  f.  Hysieue,  Bd.  10. 
■  Compt.  rend..  Tome  &S.  and  Arcb.  g£s£r.  de  Mid.  {h).  Tome  2. 
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add,  iodine,  aratnie,  mercuric  rfUoride,  nml  i/tiininf  pass  ialo  (lie  SAeat.     Urie  aetd  hu 
also  lit^^Ti  found  In  tlie  dwcrI  in  gOM\,  unci  ej/tlir*  in  cyalfniira. 

Ctuomliidroiii  Is  iLo  u&mfl  glren  to  the  sccrvtloo  of  colored  sweat.     Somctimoa  nweat 
lius  bet'Q  utiscrvE-il  iQ  be  milnred  blue  by  icidii^a  (Kizint.  by  pyoryucin,  or  t>y  fciTO-pbi>»> 
j>bale  (KoLLMAW'),    True  b1ood-«w«at,  lu  whlcb  blood-corpoicles  exude  from  ilie 
|op«uing>  of  tlie  gltLDds,  have  also  bcrBii  obwrvi-d. 

The  exchange  of  gas  through  ihe  skin  iu  man  is  of  verj  little  imporUnco 
compared  with  the  exchange  of  gas  bj  the  laDgs.  The  absorption  of 
oxygen  by  the  skin,  which  was  lirat  ehown  bj  Reosaclt  and  lieistrr,  ia 
very  Bmuil.  The  quantity  vf  carbon  dioxide  eliminated  by  the  skin  iucreaies 
with  the  rise  of  temperature  ^Aikert  Rfiniiir,,  Frnrsi  and  lioNrm, 
Bariiatt').  It  ia  also  fipreater  in  light  than  in  darkness.  It  is  greater 
daring  digestion  than  when  fasting,  and  greater  after  a  vegetable  than  after 
BO  animal  diet  (Fl'bini  and  RoNoni).  The  quantity  calcnialed  by  various 
investigators  for  the  entire  skin  surface  in  34  hoars  varies  between  2.33  and 
32.8  grnifl.'  In  a  horse,  Zuktz  with  Leusiakn  and  Haoemakx' found 
for  li  hours  an  elimination  of  carbon  dioxide  by  the  skin  and  ttitestino 
which  uiiioiiriled  to  nearly  3f  of  the  total  respiration.  Less  than  \  of  this 
carbon  dioxide  camo  from  the  skin  respiration.  According  to  the  s&mo 
inreetigators  the  skin  respiration  eqnals  2^^  of  tlie  simnltaneons  Inng 
respiration. 

As  the  exchange  of  gas  through  the  skin  in  man  and  mammals  is  very 
small,  it  follows  that  the  injurioua  and  dangerous  effvctd  caused  by  covering 
the  skin  with  Tarnish,  oil,  or  the  like  can  lianlly  depend  on  a  reduced 
exchange  of  gas.  After  Tarnishing  the  skin  there  is  a  considerable  lose  of 
heat,  and  the  animal  quickly  dies.  If  the  animal,  on  the  contrary,  be 
giumled  from  this  loss  of  heat,  it  may  be  Baved,  or  at  least  kept  alive  for  a 
longer  time.  This  efTer.t  was  supposed  to  be  due  to  a  poisoning  cansed  by 
a  retention  of  one  or  more  substances  of  the  perspiration  {perspiraUle 
reienfum),  accompanied  by  fever  and  increaaed  loss  of  heat  through  the 
skin;  bnt  this  statement  has  not  been  substantiated.  This  phenomonon 
seems  to  be  due  to  other  canses,  and  at  least  in  certain  animals  (rabbits) 
death  seems  to  ensue  from  the  paralysis  of  the  vaso-motor  nerves.  In 
anastomosis  the  loss  of  heat  throngh  the  skin  seems  to  be  increased  to  such 
an  extent  that  the  animal  dies  from  the  lowered  tem|)eratnre.  Aooording 
to  Laulanje  *  the  animal  dies  of  inauition  because  it  takes  too  little  food, 
while  the  chemical  decomposition  processes  are  greatly  raised  to  oorer  the 
loss  of  heat. 

■  Bizzlo.  Wlicn.  HiiEiii]|;al>er.,  Bel.  8d;  Knlltnann,  dted  from  t.  O^riip-BesBiiez'a 
Lelirbiicb.  4.  Aiiti.,  S.'SOS. 

■  Aubert.  Pilngor'*  Arcli.  Bd.  S:  KRlirlg.  Deiitacli.  KMo..  1873.  S.  SOB;  Fubtnlaiid 
Knnchi,  MolcHcbott's  Uiilersucb.  z.  Katurlebre.  Bd,  13;  Bamt,  Joura,  of  PhydoL, 
Vol.  21. 

*  8ee  Hoppe-Seyler,  Phyiiol.  Cbcm.,  S.  580. 

*  Du  Boit-Reymond's  Arch  .  1884.  and  Maly's  Jabrcaber..  Bd.  84. 

■  Arcb.  d«  I'hyEiol.  (&),  Toine  9. 
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CHEKISTRT    OF  RESPIRATION. 


DURlNO  life  a  conaUnt  exchange  of  gases  takea  place  between  th* 
animal  Wly  and  the  suTrounding  medium.  Oxygen  is  inspired  and  carboD 
dioxide  expired.  This  exchange  of  gaeea,  whicli  is  called  respiration,  i& 
brought  about  in  man  and  Tcrtebratea  by  the  nntritire  Oiuds,  blcM>d  and 
lymph,  which  circulato  in  the  hody  and  which  are  in  constant  commnuica- 
tion  with  the  outer  medinm  on  one  side  and  the  tisBuo-eleineuta  on  the 
other.  Such  an  exchange  of  giiseons  constitaentB  may  take  place  whererer 
the  anatomical  condibioua  offer  no  oUstaole,  and  in  man  it  may  go  on  in  the 
intestinal  tract,  throngh  the  skin,  and  in  the  Inngs.  As  com|MiTed  vith 
the  exchange  of  gas  in  the  lungs,  the  exchange  already  mentioned  which 
occurs  in  the  intestine  and  through  tlie  akin  is  rery  insignificant.  For  thia 
reason  we  will  discuss  in  thifl  chapter  only  the  exchange  of  gas  Iwtween  the 
blood  and  the  air  of  the  Inngs  on  one  side,  and  the  blood  and  Ijmph  and 
the  tissnes  on  the  other.  The  first  is  often  designated  external  respiratioo, 
and  the  other  internal  respiration. 

I.  The  Gases  of  the  Itlood. 

Since  the  pioneer  investigations  of  Maqkus  and  Lotdau  Meteb  the 
*.^|^|ns  of  the  blood  have  formed  the  subject  of  repeated,  careful  inrestigt^ 
'ttona  bj  prominent  experimenters,  among  whom  we  mast  mention  first 
C.  LuDwiCt  and  hia  pupils  and  K.  IVlCoeh  and  his  school.  By  these 
inrestigations  not  only  has  science  been  enriched  by  a  mass  of  facta,  bat 
also  the  methods  themselves  hare  been  made  more  perfect  and  accarate. 
In  regard  to  these  methods,  as  also  in  regard  to  the  laws  of  the  absorption 
of  gases  by  liquids,  dissociation,  and  rotated  qnestioni,  the  reader  is  re- 
ferred to  text-books  on  physiology,  on  physics,  and  on  gasometrio  analysis. 

The  gaaea  occurring  in  blood  nnder  physiological  conditions  are  orj 
rarhon  dioxide^  and  uttro(;e7i:  The  last -mentioned  gas  is  fonnd  only  in  very 
small  quantities,  on  an  average  1.8  vols,  per  cent.  The  quantity  ie  here, 
as  in  all  following  experiments,  calculated  for  0°  C.  and  7C0  mm.  pressure. 
The  nitrogen  seems  to  he  simply  absorbed  into  the  blood,  at  least  in 
part.  It  appears,  like  argon,  to  play  no  direct  part  in  the  processes  of 
and  its  quantity  varies  but  slightly  in  the  blood  of  different  blood 'Vessels. 
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The  oxygen  and  carbon  dioxide  behave  otherwise,  as  their  qnantities 
have  sigaificant  Tariations,  not  only  in  the  blood  from  tlilTerent  blood- 
TesseU,  but  also  because  manj  conditiotiB,  such  as  a  diSereace  id  the 
rapidity  of  circulation,  a  different  temperatnre,  rest  and  actirity,  cause  a 
change.  In  regard  to  tbe  gaaes  they  contain  tlie  gretite-st  difToreuce  is 
-obsertable  between  the  blood  of  the  arteries  and  that  of  the  veins. 

The  qnantiiy  of  oj-yt/en  iu  the  arterial  blood  of  dogs  is  oa  an  average 
22  vols,  per  cent  (PFj.fnr.R).  In  human  blood  SETscnKxow  foiHid  about 
the  same  quantity,  Damely,  ^1.6  vols,  per  cent.  Lon-er  figures  hare  been 
fonnd  for  rabbit's  and  bird's  blood,  respectively  13.'^;*  and  10~15<  (Walteb, 
Joltet).  Venotis  blood  jn  different  vascalar  regions  has  very  variable 
quantities  of  oxygen.  By  enmrnariKing  a  great  number  of  analyses  by 
different  experimenters  Zcxtz  has  calcnlated  that  the  venous  blood  of  the 
right  side  of  the  heart  contains  on  an  average  7.15<<  less  oxygen  than  the 
arterial  blood. 

The  quantity  of  carbon  dioxide  In  the  arterial  blood  (of  dogs)  is  30  to 
40  vols,  per  cent  (Ludwk;,  Setschenow,  PflOoer,  P.  Bert,  and  others), 
most  generally  abont  ^0%.  Setscuenow  fonnd  40.3  vols,  per  cent  in 
human  arterial  blood.  The  quantity  of  carbon  dio.Tide  tn  Tenons  blood, 
varies  still  more  {Lvdwio,  PFLijOEit  and  their  pupiU,  P.  Best,  Mathieu 
and  Urbaim',  and  othere).  According  to  the  calculations  of  Zdktz  the 
Tenons  blood  of  the  right  side  of  the  heart  contains  about  8.!i^  more  carbon 
dioxide  than  the  urterial.  The  average  umouut  may  be  put  down  as  48 
vols,  per  cent.  IIouuiBESf  fonud  iu  blood  after  asphyxiation  even  69.21 
Tols.  per  cent  carbon  dioxide.' 

Oxygen  is  absorbed  only  to  a  small  extent  by  the  plasma  or  serum,  ia 
which  PflCuer  fonod  bnt  0.2*5^.  The  greater  part  or  nearly  all  of  the 
oxygen  is  loosely  combined  with  the  hiemoglobin.  The  quantity  of  oxygen 
which  is  contained  in  the  blood  of  the  dog  corresponds  closely  to  the 
quantity  which  frotu  the  activity  of  the  lia'inoglobin  wc  should  expect  to 
combine  with  oxygen,  and  also  the  quantity  of  hsmoglobin  in  canine  blood. 
It  is  difficult  to  ascertain  how  far  the  circulating  arterial  blood  is  saturated 
with  oxygen,  as  immediately  after  bleeding  a  loss  of  oxygen  always  takes 
place.  Still  it  seems  to  be  unquestionable  that  it  is  not  quite  completely 
saturated  with  oxygen  in  life. 

The  carbon  dioxide  of  the  blood  occurs  in  part,  and  indeed,  according 
to  the  investigations  of  Alex.  Schmidt,'  Zttntz,'  and  L.  Fredertcq,*  to 


'  AU  tli«  flguret  given  aliove  may  be  found  fn  Ziiulz's  "  Die  Oaw  diu  BliilM  "  la 
Ilcrmaoo's  ntndtiucli  d.  Pbyslol  .  Bil.  4.  Thl,  3.  B-  83-4S,  which  alw>  conttiaa  detailed 
stntemcnU  and  IIju  p«rtlEieiil  UU-raliire. 

*  Bcr.  d.  k.  feUtrlis.  Grftc-Ihcli,  d.  WiBaenHcb.,  Miitli.-Tibys.  Klute,  Bd.  19,  1887. 
>C«ntrit1bl.  r.  [1    mL-iI.  WiMi-mt-li .,  1867.  S.  r>29. 

*  Recbercbes  tur  Is  coustltutloo  du  Plumn  SAnguJn.  IgTS,  pp.  £0,  51. 
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the  extent  of  at  least  one  third,  in  the  blood-corpascleB,  and  also  in  part, 
and  in  fact  the  greatest  part,  id  the  plnama  and  Berttm  respectirelT. 

The  carbon  dioxide  of  the  red  corpuscles  is  looeely  combined,  and  the 
constituent  nniting  with  the  CO,  of  the  same  seems  to  be  the  alkali  com* 
bined  with  phoftphoric  acid,  oijliffinioglobiu  or  liasnioglohin,  and  globuHo  on 
one  side  and  the  bajraoglobin  itself  on  the  other.  That  in  the  red  corpni- 
cles  alkali  phosphate  ocenrs  in  snch  r^tiantitiea  that  it  maj  be  of  importance 
in  the  combination  with  carbon  dioxide  is  not  to  he  doabted,  and  we  mnit 
admit  that  from  tho  diphosphate,  by  a  greater  partial  pressure  of  the  carbon 
dioxidd}  monophosphate  and  alkali  carbonate  are  formed,  while  hj  a  lower 
partial  pressure  of  the  carbon  dioxide  the  mass  action  of  the  phosphoric  acid 
comes  Hgnin  into  play,  so  that,  with  the  carbon  dioxide  becotniitg  free,  a 
re-formation  of  alkali  diphosphate  takes  place.  It  is  generally  admitted 
that  the  blood-coloring  matters^  especially  tbe  ozyhnmoglobin,  which  can 
expel  cut-bon  dioxide  from  sodium  carbonate  in  vacuo,  act  like  an  acid;  and 
aa  the  globoliiLS  also  act  like  acids  (soe  below),^  these  bodies  may  tdso  occur 
in  the  blood -corposcles  as  an  alkali  combination.  The  alkali  of  the  blood- 
corpnsclee  must  Ib'erefore,  according  to  tho  law  of  mass  action,  be  dirided 
between  tho  oarboii  dioxide,  pliosphorio  acid,  and  the  other  constitnents  of 
the  blood -corpuscles  which  are  considered  as  acid-acting,  and  among  these 
especially  the  blood -pigments,  because  the  globulin  can  hardly  be  of  import- 
ance because  of  its  smaU  quantity.  By  greater  muas  action  or  greater  partial 
pressure  of  the  carbon  dioxide,  bicarbonate  must  be  formed  at  the  expeou 
of  tbe  diphosphates  and  the  other  alkali  combinations,  while  at  a  diminished 
partial  pressnre  of  the  same  gas,  with  the  escape  of  carbon  dioxide,  tbe 
alkali  diphosphate  and  tbe  other  alkali  combinations  mnst  be  re-formed  at 
the  cost  of  tbe  bicarbonate. 

Ha;uioglobiii  must  iiererttieless,  oa  llie  Inrestigations  of  BerscHBHOw' 
and  ZrN'Tz,  and  oapociiUly  those  ofRoTrn  and  Torit,'  bare  shown,  lie  able 
to  hold  the  carbon  dioxide  loosely  combined  ercn  in  the  abftence  of  alkali. 
Bona  has  also  found  that  the  dissociation  curve  of  the  carbon^dioiide 
hemoglobin  corresponds  essentially  to  the  curve  of  the  absorption  of  carboo 
dioxide,  on  which  ground  he  and  Tori'p  consider  the  hemoglobin  itself  ai 
of  importance  iit  tbe  binding  of  the  carbon  dioxide  of  tbe  blood,  and  not  its 
alkali  coinbinaliuuM.  According  to  Bona  tbe  ba?mog1obin  takes  up  the  two 
gases,  oxygen  and  carbon  dioxide,  simultaneously  by  the  oxygen  nniting 
witb  tbe  pigment  nncleus,  and  the  carbon  dioxide  with  tbe  protaid  com- 
ponent 

The  chief  part  of  the  carbon  dioxide  of  the  blood  is  fonnd  in  the  blood* 


<  Ceatralbt.  f.  d.  mod.  WlsBeoaolL,  1877.    See  also  ZunU  In  HertnaoD's  Haadbocb, 
8.76. 

■2tiiitz.  I.  c.  S.  70  ;  Bohr,  Maljr't  Jahrcsber..  Bd.  17;  Torup,  Oid. 
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plasma  or  the  blood-BGram,  which  followe  from  the  (act  that  the  Bcrcin  la 
richer  in  carbon  dioxide  than  the  corresponding  Ijlood  itiielf.  By  experi- 
laentB  with  the  air-pump  ou  blood-serum  it  has  been  found  that  the  chief 
part  of  the  carbon  dioxide  contained  in  the  senim  is  giron  off  in  a  vacunm, 
while  .&  smaller  part  can  be  pum^ied  out  only  after  the  addition  of  an  acid. 
The  red  corpnecles  also  act  as  an  acid,  and  tlierefcre  in  blood  all  the  carbon 
dioxide  ia  expelled  in  vacuo.  TIence  a  part  of  tlie  carbon  dioxide  is  finnly 
chemically  combined  in  the  senini. 

Absorption  experiments  with  blood-sernm  have  shown  ns  farther  that 
the  carbon  dioxide  which  can  be  pumped  ont  is  in  great  part  looselj 
ohemicallj  combined,  and  from  this  Ioomj  combination  nf  the  carbon  dioxide 
it  necessarily  follows  that  the  semm  mast  alan  contain  Himply  absorbed 
carbon  dioxide-  For  the  form  of  binding  of  the  carbon  dioxide  contained 
in  the  senim  or  the  plasnia  we  find  the  three  following  possibilities: 
1.  A  part  of  the  carbon  dioxide  is  simply  absorbed;  *2.  Another  part  is 
loosely  chemically  combiDod;  3.  A  third  part  is  in  firm  chemical  combina- 
tion. 

The  qnanti^  of  simply  absorbed  carbon  dioxide  has  not  been  exactly 
determined.  Setschknow'  considers  the  qnantity  in  dog-sernm  to  be 
abont  iV  °^  '^®  *°^*'  quantity  of  carbon  dioxide.  According  to  the  tension 
of  the  carbon  dioxide  in  the  blood  and  its  absorption  coefhcient,  the 
qnantity  eeenu  to  be  still  smaller. 

The  quantity  of  llnnly  chemically  combined  carbon  dioxide  in  the  blood- 
serum  depends  njtori  the  quantity  of  simple  alkali  carbonate  in  the  serum. 
This  qnantity  is  not  known,  and  it  cannot  be  determined  either  by  the 
alkalinity  fonnd  by  titration,  nor  can  it  be  calculated  from  the  excess  of 
alkali  found  in  the  ash,  becanse  the  alkali  Is  not  only  combined  with  carbon 
dioxide,  but  also  with  other  boiliea,  especially  with  proteid.  The  qnantity 
of  firmly  chemically  combined  carbon  dioxide  cannot  be  ascertained  after 
pumping  out  j'm  rncuo  withont  the  addition  ot  acid,  becantie  to  all  appear- 
ances certain  acti  re  constituents  of  the  serum,  acting  like  acids,  ex]iel  carbon 
dioxide  from  the  simple  carbonate.  The  qnantity  of  carbon  dioxide  not 
expelled  from  dog-serum  by  raonnm  alone  without  the  addition  of  acid 
amounts  to  4.9  to  9.3  vols,  per  cent,  according  to  the  determinations  of 
PflOokr.' 

From  the  occnrrenee  of  simple  alkali  carbonates  in  the  blood-semm  it 
naturally  follows  that  a  part  of  the  loosely  combined  carbon  dioxide  of  the 
serum  which  can  he  pamped  ont  must  exist  is  bicarbonate.  Tlie  occnr- 
renee of  this  combination  in  the  blood-sernm  has  also  been  directiv  shown. 


>  CuDtralbl   f.  d.  med.  WlsseaMb..  18T7. 
■  E.  PQQger,  Velier  A\e  Koblcnsfiure  dcs  Blutcs. 
Zuulz  in  Hcrmaoa'a  Hondbiicli.  6.  6Ci 
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lu  experiments  witli  the  pump,  aa  vroU  as  in  absorption  experimenU,  the 
serum  licliaTcs  in  other  ways  differeat  from  a  eolation  of  bicarbonate,  or 
carbonate  of  &  corresponding  concentration ;  and  the  behavior  of  the  IoomIt 
combined  carbon  dioxide  in  the  Bernm  can  be  explained  only  by  the  occnr- 
rence  of  bicarbonate  In  the  Rertini.  By  means  of  raciiam  the  aeriim  alvajs 
allows  macli  more  than  one  half  of  the  carbon  dioxide  to  be  expelled,  and 
it  follows  froDk  this  that  in  the  pnmping  otit  not  only  may  a  dissociation  of 
the  bic-arbonate  tako  place,  bnt  alao  a  conversion  of  the  double  Bodinm 
carbonate  into  a  eimpio  Bait.  Aa  wo  knotr  of  no  other  carbon -dioxide  com- 
bination besides  the  bicarbonate  in  the  sernm  from  which  the  carbon  dioxide 
can  be  set  fre»  by  simple  dissociation  in  m^tio,  we  are  obliged  to  assame 
that  the  sernni  mnst  contain  other  faint  acids,  in  addition  to  the  carhoo 
dioxide,  which  contend  with  it  for  the  alkalies,  and  which  expel  the  carboa 
dioxide  from  simple  carbonates  in  vucuo-  Tlie  carbon  dioxide  which  is 
expelled  by  means  of  the  pump  and  which,  without  regard  to  the  einiple 
absorbed  quantity,  is  generally  designated  as  "  loosely  chemically  combined 
carbon  dioxide,"  is  thus  only  obtjiined  in  part  in  dissociablo  loose  combina- 
tion; in  part  it  originates  from  the  simple  carbonates,  from  which  it  is 
expelled  in  vacuo  by  other  faint  acids. 

Thcdo  faint  acids  are  thonght  to  be  in  part  phosphoric  acid  and  in  part 
globulins.  The  importance  of  the  alkali  phosphates  for  the  carbon -dioxide 
combination  has  been  shown  by  the  investigations  of  Fernkt;  bnt  the 
quantity  of  these  salts  in  the  sernm  is,  at  least  In  certain  kinds  of  blood, 
for  example  in  ox-serum,  so  small  that  it  can  hardly  be  of  importance.  Id 
regard  to  the  globulins  Sbt^ceirnow  is  of  the  opinion  that  they  do  not  trt 
as  acids  themaelves,  but  form  a  combination  with  carbon  dioxide,  producing 
carboglobnlinic  aoid,  which  nnites  with  the  alkali.  According  to  Sebtou,' 
whose  views  hare  lately  fonnd  a  supporter  in  Torti',  the  globolins  them* 
ielvQS  are  the  acids  which  are  combined  with  the  alkali  of  the  blood-seram. 
In  both  cases  the  globnlins  would  form,  directly  or  indirectly,  that  chief 
constituent  of  the  plasma  or  of  tlie  blood-serum  which,  acconling  to  the  law 
of  the  action  of  masses,  contends  with  the  carbon  dioxide  for  the  alkalita. 
By  &  greater  partial  pressnre  of  the  carbon  dioxide  the  latter  deprires  the 
globniin  alkali  of  a  part  of  its  alkali,  and  bicarbonato  is  formed;  by  loir 
partial  preggnre  the  carbon  dioxide  escapes,  and  the  bicarbonate  is  abstraeied 
by  the  globulin  alkali. 

In  the  foregoing  it  has  been  assumed  that  the  alkali  is  the  moat  eaeentbl 
and  important  constituent  of  the  blood-seram,  as  well  as  of  the  blood  in 
general,  in  uniting  with  the  carbon  dioxide.  The  fact  that  the  qnantity  of 
carbon  dioxide  in  the  blood  greatly  dintinisheK  with  a  decrease  in  the 
quantity  of  alkali  strengthens  this  assumption.     Such  a  condition  is  fotind. 


'  Hopp«-S«>-ler,  Med.  chem.  Uoteraucfa. 
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for  exAmple,  after  poisoning  witli  mineral  aciils.  Tbas  WjILTEB  found 
only  2-3  rols.  per  cent  carbou  dioxide  in  tbe  blood  of  rabbiU  into  whose 
stotiiaclia  liyilrochloric  ncid  liad  tici^n  Jtitrodncad.  In  ttio  comatose  utate  of 
diabetes  indlltii^  the  nlkalt  of  the  liinod  seetiu  to  be  iti  great  part  e^ittiruted 
vitb  acid  combinations,  ^-oxybntric  acid  (Stadbluaxn,  MiXKuWijKi), 
anil  Minkowski  '  founil  onlv-  a,.*)  rnla.  per  cent  carbon  dioxide  in  the  blood 
la  ditil>etic  coma. 


Oaces  of  the  Ljrmph  and  Secretioni. 

Tlie  gaap8  of  tlie  lympli  nre  the  same  iw  in  the  Uood-semm,  and  the 
IjmpU  elands  c1oi;e  to  the  bloorl-BCrntii  iti  regard  to  the  qtiAiititr  of  the 
rarious  gases,  iis  well  as  to  the  kliul  of  carbon-dioxide  combination.  The 
iarestigatioud  of  DACMiAltni  and  IIensek'  on  the  gases  of  liuuian  Ivmph 
are  at  hand,  btit  it  still  mntiiiiH  ii  quesciou  whether  the  lymph  invmtiguled 
was  rjnito  tiomial.  The  giieea  of  normal  dog-lymph  wore  lirst  Itiveatipttted 
by  lI.iMUAiUsTEN.'  These  gusea  coDtuiued  traces  of  oxygen  and  cousisted 
of  37.4-5:j.  W  t;0,  ond  \.^i  N  at  0"  C.  and  700  mm.  Ug  pressure.  Abont 
one  half  of  the  carbon  dioxide  was  flrnity  chemically  combined.  The 
qnantity  wad  greater  than  iu  the  serum  from  arterial  blood,  but  smaller 
than  from  venouij  blood. 

The  remarkuble  observation  of  BrrnKEU  that  the  lymph  collected  after 
asphyxiation  \a  poorer  in  carbon  dioxide  than  that  of  the  breathing  animal 
ia  explained  by  ZfSTZ*  by  the  formation  of  ociJ  immediatoly  nftcr  death  ia 
the  timties,  and  especially  in  the  I ymphntlo  glands,  and  this  acid  decompoece 
the  alkali  carbonates  of  the  lymph  in  part. 

Tbe  secretions  with  the  exception  of  the  suUth,  in  which  PflCokr  and 
KOlz  fonnd  respectively  0.ii<  and  X^  oxygen,  are  ncHrly  fr^e  frnii]  oxygen, 
Tbe  quantity  of  nitrogen  is  ilie  eame  as  in  blood,  and  the  chief  niafls  of  tbe 
gases  consists  of  carbon  dioxide.  The  quantity  of  this  gas  ischiofly  ilcpend- 
ent  Hpon  the  reaction,  i.e.,  u]>on  the  quantity  of  alkuli.  Thi*  follows  from 
the  aiialyBes  of  PFLCatn.  IIu  fonnd  lO-S  carbon  dioxide  removable  by  the 
air-pump  and  A4:(  Grmly  combined  carbou  dioxide  in  a  strongly  ulkaline 
bile,  but,  on  the  contrary,  (SX*^  curbon  dioxide  removable  by  the  air-pump 
and  0.8^  firmly  combined  carbon  rljoxide  in  a  nentral  bile.  Alkaline  saliTa 
is  aldo  very  rich  in  carbon  dioxide.  As  average  for  two  analyses  made  by 
Pfluoer  of  the  snbmaxillary  sall''a  of  a  dog  we  have  y?.-*!:*  carbon  dioxide 
remuvulilu  by  the  atr-jMimp  and  47.4*  chemically  combined  carbon  dioxide, 

'  WnlU-r,  .\rrli.  f.  ftp.  Pwili.  ti.   Pliiinii..    Bd.  7;  StwlelmRiin,   ibid..  Bd.  17:    Hla- 
kowskt.  Mjtiicil.  a-  >l.  luoil.  Klfnk  In  EOiifg«bcrf^.  1888. 
•Vlrchow'a  Arfli..  Bil.  S.*. 

■  Bor.  d.  k.  tftclis.  Ot-wlltrti.  d.  Wlsscn»cli.,  mkib.  pby*.  Klnt>M!.  B<l.  28. 
*  BuchD«r,  Arbeiten  aim  dcr  pliysiuj.  AiiMaU  zu  Lrlp^ig*  ^^'^  •  Ztiitiz,  1.  c,  B.  St. 
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making  a  total  of  74.0.<.  KClz'  found  a  maximnm  of  05.78^  carbon 
dioxide  for  tlie  parotid  salivu,  of  which  3.31.^  wua  remorable  by  the  air- 
pump  ami  t;"i.4?^  was  linnly  cliemiciUly  combined.  From  tlieae  udJ  other 
Btatomentd  on  the  qoantity  of  carlon  dioxide  reinorable  by  the  air-pnmp 
and  chemically  combined  in  tlie  alkaliue  secretions  it  follows  that  bodies 
occur  in  thctn,  altlimtgli  not  iu  a]ipi'eciable  quantities,  which  are  atialogoui 
to  the  albumtnoQS  bodies  of  the  blood-serum  and  which  act  like  faint  acids. 

The  acid  or  at  any  rate  non-aikuHne  pecretions,  nrine  and  milk,  contain, 
on  tbo  contrary,  cousiderably  less  carbon  dioxide,  which  ia  nearly  all  remor- 
able  by  the  air-pamp,  and  a  purt  seems  to  be  loosely  comhineil  with  the 
godinm  phosphate.  The  tlE^iiree)  fonTid  by  F'flC<ier  for  the  total  qnantitf 
of  carbon  dioxide  in  milk  and  mine  are  10  and  18.1-19.7^  respectirely. 

£v.\ld'  haa  made  ijiTostigationB  on  the  (|uantity  of  gas  in  patliologicil 
transndatjonfl.  lie  finiud  only  traces,  or  at  least  only  tery  insignificatit 
quantities,  of  oxygen  in  these  fluids.  The  quantity  of  nitrogen  waa  about 
the  same  as  in  blood;  that  of  oarbon  dioxide  waa  greater  thaa  ia  the 
lymph  (of  do<;0,  and  in  certain  casos  even  greater  than  in  the  blood  after 
asphyxiation  {log's  blood).  The  tension  of  the  carbon  dioxide  was  greater 
than  in  venous  blood.  In  exudations  the  quantity  of  carbon  dioxide, 
especinlly  that  firmly  coniliined,  increaseN  with  the  age  of  the  fluid,  while, 
on  the  contrary,  tlie  total  quantity  of  carbon  dioxide,  and  especially  the 
qaautity  firmly  combined,  decreases  with  the  quantity  of  pos-corpnscles. 


II.  The  Exeliaiigo  of  Gns  between  the  Klood  on  the 
One  HjiimI  and  Puliuonary  Air  and  the  Tlasuefl 
on  tli«  Other. 

In  the  introd  notion  (01m]iter  I,  p.  3)  it  waa  stated  that  we  are  to-day  of 
the  opinion,  derived  especially  from  the  researches  of  TFLOfiER  and  bis 
pupils,  that  tlio  oxidations  of  the  animal  body  do  not  take  place  in  the  fltiidi 
and  jaices,  but  are  cotinectcil  with  the  form-elements  and  tissues.  It  t« 
nevertholejis  true  that  oxid'^itiona  take  place  in  the  blood,  although  only  toi 
slight  extent;  but  these  oxidations  depend,  it  seems,  upon  the  fonn-elemcotf 
of  the  blood,  hence  it  does  nnt  eontnidtct  the  above  statement  that  Uw 
oxidations  occur  exc^lnsivcly  in  the  colts  and  chiefly  in  the  tissnes. 

The  gaseous  exchange  in  the  tissues,  which  has  been  designated  intenisl 
respiration,  consists  chiefly  in  that  tbo  oxygen  passes  from  the  blood  in  the 
capillaries  to  the  tisanes,  while  the  great  bnlk  of  the  carbon  dioxide  of  the 
tissues  originates  therein  and  passes  into  the  blood  of  the  capillaries.  Tbt 
exchange  of  gas  in  the  lungs,  which  is  called  external  respiratioQ,  ooDsiils, 

>  Plltlg<;r,  ri3ll)fei'g  Arcb.,  BUU.  I  &uk\  Z  ;  Kuiz,  ZeitscUi.  f.  physio).  CIktoi..  Bd.  £3 
It  asecu  u  If  Etllz's  results  were  not  calculated  at  7^  niiii.  Hg.  but  rattitr  at  1  m. 
■  C.  A.  Ewftld.  Arch.  f.  txp.  Aoat.  u.  Pbysiol.,  1S73  and  1878. 
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KB  we  Icarn  bv  a  comparieoa  of  the  jaepired  and  expired  air^  in  the  blood 
taking  oxygen  from  tlie  air  in  the  lungs  and  giring  off  c^arbon  dioxide. 
This  does  not  exclude  the  fact  that  in  tlio  lungs,  as  in  every  otlter  tissoe,  an 
iuternut  reHpimlion  bikea  place,  camely,  a  combustion  with  a  consnmption 
of  oxygen  and  formation  of  carbon  dioxido.  Acconling  to  B<>hh  and 
ItENRigt'K^ '  the  lungs  indeed  ])Uy  m  large  a  part  in  the  total  metabcliBm 
that  it  may  amount  to  G8!^  of  the  same. 

What  liiiid  of  procesaea  take  part  in  this  doable  exchange  of  gaa T  Za 
the  gfLseous  exchange  simply  the  result  of  an  nnerjnal  tension  of  tbo  blood 
on  one  side  and  the  air  in  the  Inngs  or  tissues  on  the  other  ?  Do  the  gases 
]iat;^  from  a  place  of  higher  pressnro  to  one  of  :i  hiwer,  according  to  the  laws 
of  difTuiiion,  or  are  other  fnrces  and  proo^aties  active  ? 

Theae  questions  are  closely  related  to  that  of  the  tension  of  the 
oxygen  and  carbon  dioxide  in  the  blood  and  in  the  air  of  the  Inngs  and 
tieeuee. 

Oxygen  occurs  in  the  blood  in  a  diBproportionately  liu-ge  part  aa 
oxyliiunioglobin,  and  the  law  of  the  diaaociution  of  oxyhwinoglobin  it!  of 
fntidaniental  imjwrtance  in  the  study  of  the  tension  of  the  oxygen  in  the 
blood. 

If  we  rcc".!!  thnl.  nrrnrriinplo  Bonn,  wlint  we  generally  cnllnsylta-moglnliln  Ion  mix. 
tiitvof  littmogloliinn,  whicb  foroni^  iind  llu'iiamcoxyfieti  pri-!4iirccnii  unlii'witli  d'CTiTeiit 
qiisiilitjva  uf  oxyf^eu.  uiiil  ul>o,  tui  sLowu  Uy  i?iiciir)tu;i>.  llitil  Ihcie  vaJhIh,  LL'^idvf  lliu 
oxyha'moglol)li).  ttiioilK.'r  ilissticinblf  oxyfjen  cfiralilriiiifmi  of  lupiiioj^loliin,  niimply.  paeu- 
<l'<liKiiivglublu,  it  Kieiiis  tliiit  WL-  linru  sewnil  itiipurlaul  prt;liiiilu:iry  qiicKliuTi)^  lo  tnilve 
bt'Tore  wo  eimm  In  n  «li!MriisHi(ii]  (>r  lli<^'  ilbsoriniioti  roD'Hiiimti  (>r  4ixyltii'ni(if!li>1jii),  Afilie 
above  Briiivmentg  nre  In  part  (y>Dlmdicle<l  mid  iii  pHrx  not  suQScietJily  pn>reil.  nutl  b»  nlso, 
armrrliiig  In  Kt'T'NKit,  nn  dllTi-ri-nct!  cxiitlH  hptwi^ii  nn  oxyliicmnglnlilti  »nliit1nn  nnil  a 
soliilfot)  of  bl(xii!-corpit»el«a  in  rofranl  10  tia  dtJlvcrj'  of  oxygvn,  we  an  JuMilied  iu  eet- 
tlne  tUe  above  BinieiucniNBAid&rortliepreaenlRijd  only  raking  up  tlie  gcnemlly  accepted 
anuAitlliorllatlTe  iiwcrtlotw. 

For  the  understanding  of  the  laws  by  which  the  oxygen  is  taken  up  by 
the  blood  in  the  alveoli  of  the  lungs  the  investigations  on  the  dissociation 
of  oxyha-moglobin  are  important,  and  those  especially  wliich  relate  to  the 
dissociation  at  the  temperature  of  the  body  are  of  great  phyeiologioil  im- 
portance. Several  inveetigatora  have  oxpcrimcntfid  on  this  snbject, 
especially  O.  IK  i-'nkii.'  He  has  proved  an  important  fact,  nmiioly,  tliat  a 
freshly  prepared  solution  of  pnreoiyhffimoglobin  crystals  does  not  act  nnlike 
freshly  defibrinated  blood  as  regards  the  dissociation  of  oiyha-moglobin, 
Ue  also  showed  that  tlie  dissociation  is  dependent  upon  the  concentration^ 
namely,  that  at  a  given  pressure  a  dilute  solution  is  more  strongly  dis- 
sociated than  a  more  concentrated  solution.  He  found  for  solutions  con- 
taining li^  oxyhtcmnglohin  that  the  dissociation  at  ~\-  '•i^'^  C,  and  an  oxygen 
partial  pressure  of  75  mm.  Ilg  was  only  very  insigniGcant  and  only  little 

'  Cenlrmlbl.  f.  Pbyilol..  Ud.  0.  Rntt  athly's  jAhi«Bber..  Bd.  S7. 

'  Do  Boit-Reymond'R  Arch.,  3600,  where  the  older  works  on  the  topic  mv  rited. 


CnSMISTRT  OF  ItSSPlRATIOIf. 


Stronger  than  with  a  partiul  proesaro  of  15*i  mm.  Id  the  first  inntancft 
E*0.H94  of  tliA  (<^T-i^l  pigmont  WHS  pro8«nt  as  osyliinnioj;lo1)iii  uii<l  3.11^  as 
hfemoglobiD,  while  iu  the  other  case,  at  l^i  mm.  presjiare,  the  resp^cilte 
figarca  were  ^SA'i^  and  1.5%^.  The  dissociation  becomes  stronger  first  with 
an  oxygen  partiiU  pressure  of  about  7d  mm.  llg  nud  dowiiwarde,  Bod  & 
corresponding  increase  in  the  qnantitj  of  reduced  liivmoglobin;  but  even 
vritb  an  oxygen  partiul  prcs&nre  of  00  mm.  Hg  the  qtiaDtity  of  hemoglobin 
wii<i  only  4.(t:t  of  ttio  total  pigment. 

From  these  and  older  researches  hy  UOfner,'  which  were  mode  at  36" 
or  ^0°  C,  it  follows  thiit  tlie  partial  prosanre  of  the  oxygen  may  be  Kdaced 
to  one  half  of  the  ntniosphsric  uir  without  inHuencing  essentially  tbe 
quantity  of  oxygen  in  tlie  blood  or  a  correspondiog  eolution  of  oxvhnriBO- 
globin.  Tliis  correspoiula  well  with  the  experience  of  Fkaxkei.  and 
CiF:ri'KnT*  on  the  action  of  diminished  air<pressure  on  the  quantitT  of 
oxygen  iu  the  blood  in  doga.  With  an  air-pretttiure  of  410  mm.  Ilg  tley 
found  the  quantity  of  oxygen  in  arterial  blood  to  be  normal.  With  a 
pressure  of  3i8-3*)5  mm.  it  was  slightly  diminished,  and  only  on  decreasing 
the  pressure  to  300  mm.  was  tlie  diminution  considerable. 

We  may  conchide  from  the  large  qnantrty  of  oxygen  or  oxybiemo- 
globin  in  the  arterial  blomi  that  tlie  tension  of  the  oxygen  in  the  orterinl 
hlooil  must  be  rclatirely  higher.  I'rom  the  inveKtigations  of  several  experi- 
menters, snch  aa  I'.  Hekt,  IIekter,'  and  Hi'FNFiR,  who  experimenced 
partly  on  living  animals  and  partly  witli  iKcmogloliiri  solntions,  we  out 
assume  tbe  tension  of  the  oxygen  in  arterial  blood  ut  the  tcmperuture  of 
tbe  body  to  be  eqnal  to  an  oxygen  partial  prcssnro  of  7.^-HO  mm.  Ifg. 

Let  us  now  compare  these  (Igures  wiiU  the  tcueioo  of  the  oxygen  in  the 
air  of  ttiQ  IiingH. 

Nuniercius  investigations  as  to  tlie  composition  of  the  inspired  atmoa- 
pheric  air  as  well  as  the  expired  air  are  at  hand,  and  we  can  say  that  tbeae 
two  kinds  of  air  at  0°  C.  and  a  pressure  of  760  mm.  Ug  have  the  followioc 
average  composition  in  Tolnme  per  cent: 


Oxsgvo.        Nttroffen.  Cart>on  DlozKfe. 

Almn!>|)lieric  air 2t)M  7B  03  0.03 

Ext'i'*'!  "Ir IB.Oa  "ft-IO  -1.38 
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The  partial  pressure  of  tbe  oxygen  of  the  atmospheric  air  correspoDdi  at 
a  normul  barometric  pressure  of  760  mm.  to  a  pressare  of  159  mm.  H^ 
The  loss  of  oxygen  which  the  inspired  air  siilTera  in  reopiratioo  amoaotB  to 
about  4.{^3^,  wliile  tlie  ex[>ired  air  contains  about  one  hundred  iimte  at 
much  carbon  dioxide  as  the  inspired  air. 

>  Du  BoIb  ReymnDtl's  ArL-li.,  ITOO. 

•  ■'  Utbcr  itie  Wfrkungen  der  vcrdQniiten  Lttfl  wur  diiu  Orgatiisinus."    Brrlla.  t8W 
'Bert.  "Ln    presaion   buromclrique "   (Paris,    18"8j  ;    Ilt-ricr,    Zfiisclir.    f.  pb}**"!- 
Cbera.,  B<l.  3. 
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The  expired  air  is  therefore  a  mixtnre  of  aWcolar  air  with  the  residue  of 
itjspireii  air  remaiDlog  id  the  nir-passoges;  beuce  in  the  study  of  the  gaseons 
exchange  in  the  Iniiga  we  mnst  tirst  consider  the  alveolar  air.  T^u  have  no 
direct  delerminatioii  of  the  couipoditioii  of  the  alveolar  air,  hnt  only 
ii[iproji»mLe  luihnilationB.  From  the  iirerage  restiUs  found  hy  Vierohdt  id 
normal  reKplration  for  the  carbon  dioxide  in  the  expired  air,  4.03*,  Zi'ntz  ' 
hu8  Ciilculutcd  the  prohable  qeiaritity  of  carbon  dioxide  in  the  alreolar  air  as 
eiliml  to  b.i.\i.  If  we  start  from  tbia  value  with  the  assinuplion  that  the 
tjiiaiitity  of  nitrogen  in  the  alveolar  air  docs  not  osseiitiuHy  differ  from  the 
expired  air,  and  admit  that  the  <.{uantLi.y  of  oxygen  iu  the  alreolar  air  lo  C^ 
less  tliBii  tlie  inspired  air,  ire  find  tbat  the  alveohir  air  contains  IJ.OC'f 
oxygen,  corresponding  lo  a  partial  pressure  of  114  mm.  Ilg. 

We  have  several  direct  detertninationa  of  the  alveolar  air  of  dogs  hy 

PflCgkb  and  his  pupils  Wolffbero  and  Xcssbacm.'    Tho  deteraii nations 

which  show  that  tlte  alreolar  air  is  not  mach  richer  in  carbon  dioxide  than 

the  expired  air  hare  been  performed   by  nieuns  of  the  so-called  lumj- 

catheter. 

The  principle  or  lliis  meiiiwl  is  m  followg  :  By  llie  In  trod  net  Ion  of  (i  cntlieter  nf  & 
spi'cial  voiJHlniction  luU>  n  brniich  iff  h  brotiL'liiiH  llic  corre#|>i*iiiliiig  IhIki  of  iIil>  Iinig  iitny 
be  hjiiiiilically  tmli^d,  wliJIf  in  ibi?  titlicr  Ifiht-a  of  tbc  Bfiuie  iimjt-  mnl  in  ilu-  nihcr  lung, 
the  VL-utlluU>>ii  n-i»ni)ta  tindiiLUgi'*!.  so  tbnt  nu  ficctiinuliiliori  of  cmt^oii  ili(j\tiie  tftkes 
piiK-e  ii)  ilir  bluiiil.  Wiirti  iliu  cutlini;  att.  luvte  si:  iotig  ritnl  n  cumplele  crpialiutioQ 
tMftwi-i'ii  llie  jcnscK  of  the  blttoil  miil  Ur-  n-lulind  nh  of  \\iv  liiiig»  \*  h^sumed,  a  sauipk  of 
liil»Hir  I  f  itic  liiDg^  is  lenLovcf]  liy  menus  iif  lliu'  mllietcr  niid  niiiilyKcd. 

In  the  air  thus  obteined  from  the  Iniigs  Wolpfberu  and  Ni'ssbauv 
foiiriil  an  average  of  'AS\'i  CO,.  Xi'SSiiAL'M  has  also  determined  the  carbon- 
dioxide  tension  iti  the  blood  from  the  right  heart  in  a  case  simuUnneous 
with  the  cnthetorizatiou  of  the  Inugs.  He  fonnd  nearly  identical  results, 
namely,  a  carbon-dioxide  tension  of  ;^.S4^  and  3.81  :S  of  an  atmosphere, 
which  also  shows  that  complete  eqnalization  between  the  gases  of  tho  blood 
and  lunga  in  the  enclosed  parts  of  the  hings  had  token  place.  From  these 
investigations  we  fan  oalnilato  the  (fiiantity  of  oxygen  in  the  alveolar  air  of 
doga  lobe  about  UH,  which  corresponds  to  an  oxygen  partial  preestii-e  of 
about  123  mm.  llg.  This  pressnre  is  considerably  higher  than  the  oxvgen 
teniioti  in  arterial  blootl,  and  ilie  oxygeFi  absorption  from  the  air  of  the 
lungs  takes  p[iu;e  dimply  according  to  the  laws  of  difTnsion. 

According  to  Bohk'  the  facta  are  otherwise,  and  the  lan^  are  active 
in  the  taking  up  of  oxygen. 

lie  experimrnlftil '»»  ilog^.  allnwliijj  liie  lilood.  wliosp  coftgulatton  Uad  Iteen  prRvenled 
Ity  ilic  Inji-etlui)  of  ]iicpt'iiiiH  M>)iiiii)n  or  tnfiiBinii  nf  ttie  lf<><'.U,  lo  How  frnm  <ine  l)i»i*rud 
van>l!d  In  tin.*  nllu-r,  nr  from  tlie  femoml  fiilcry  lo  tlii*  femoral  vclu,  lliroiigli  hu  ap- 
p«niiui  cnlli'i]  hy  \\\m  na  lisuittlneniniuter.     Ttiu  apparatus,  wLich  ia  a  DiociifcniioQ  of 


'  Zmit7.  I.  c  .  8.  1ft*.  irt<i  lOa. 

•  Wi)lffbtTg.  Plingcr'si  Arch..  !l«i.  6  ;  Niiaibnum,  ibid,,  Bd.  7. 

>  Skautl.  Arch.  X.  Phyxlol.,  Bd.  3. 
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LCDWia'd  ibeometvr  (itrnmulir),  allowed,  aocurding  lo  Rohk,  of  ^complete  interduuige 
lieiwvfii  lilt'  g>ut("<of  ihe  blood  circulnling  thrvtigb  tlii;  ftpjiuiiilus  aod  a  quaulilr  of  gu 
uhnae  ^'oiiipiixiljuii  ^vHfi  kanwn  at  llii:  liv^lDnlii};  of  tiiti  ex|>criii)eDl  anil  i-uclnsed  En  ibe 
BDparMus.  TliK  mixtun^  of  gas«g  wu  ariftlyixrd  iifier  nii  «qiiMlIzRlfon  of  The  gaw*  bjr 
diSiisifin.  In  \\i\*  WKy  llie  leosion  of  ttio  axyi^ea  iin<l  tnrbaa  dioxide  in  tlie  circulnllne 
arierlul  blood  wiut  deirriidnfid.  During  the  cx[>crimcnt  ibe  composition  of  the  losptrca 
Biid  exnirt-it  air  was  &l3(i  dotermiued,  iLe  Dumlivr  of  tusipiraiiiiiis  noted,  and  the  v\WtA 
of  ttKpttTvtiirycxcliangeftifgasmwwiired.  To  hcahlc  loninkcrompnHscin  lieiwrpen  the  ^ 
itinaion  in  the  \i\wA  and  la  ftn  expired  ntr  wkof>e  compoeition  was  closer  to  tbe  iidWdowu 
coiiip)>t[llon  tif  tlioalvGoIiir  rdr  llinri  llie  ofdlnniy  expired  ntr.  ihc  coinposlliiiD  of  Llir  ex- 
pired nlr  at  lhcinum<nt  It  paMcd  llic  bifurruiluu  of  the  tmcW-s  wns  ufccrtained  hj* 
SiicTJn!  cidcnlnliinj,  Tli*!  tviisiuci  of  lli«  gmea  in  lids  "  Uifurcnied  air  "  c*>uld  Iw  cixu 
pHrvd  with  ihc  tension  of  the  ^isea  of  ihu  hluoil,  and  In  Kuch  u  wuy  ibni  the  cotnpar. 
•OQ  look  plnce  simultiLtieoiiftly. 

ItouH  foniid  remarkably  high  resultn  for  Lhe  oxygen  tetision  in  arteriiJ 
blood  in  tliii  series  of  experiments.  They  varied  between  101  and  144  mm. 
Hg  preaaure.  la  eight  oat  of  nlae  experimentB  90  the  brcathiug  of  atmos- 
pheric acid,  and  In  four  out  of  five  experiments  on  breathing  air  coutainiDg 
c&rbon  dioxide,  tbe  oxygen  tension  in  the  arteriiil  blood  was  higher  thau 
ttie  *' bifurcated  air."  The  greatest  difCereDce,  where  the  oxygen  tensiou 
wus  lii^her  in  the  blood  than  in  the  air  of  the  lungs,  was  ^'^  mni.  Ug. 

Acconiing  to  IloHEt  tre  cannot  ainiply  explain  the  talcing  np  of  oxygeo 
by  the  blood  from  tbe  air  of  the  lungs  by  a  higher  partial  pressure  of  tlie 
oxygen.  The  difference  iri  tengion  !>etween  tbe  two  sides  of  the  walh  of 
the  ulTeoli  tlierefore  may  not  be  the  only  force  which  serves  in  the 
migration  of  the  oxygen  through  the  lung  tissue,  and  the  Innge  tlietn- 
selves  must  exercise  nn  unknown  specific  action  in  the  taking  np  of 
oxygen. 

IIOfxch  and  Freueric*^- have  made  the  objection  to  ]}ohr*s  experi- 
ments and  viewH  that  a  perfect  cqnilibriiim  had  jirobabty  not  been  attained 
botu-een  the  air  in  tlie  appara-tiia  and  the  gases  of  the  blood.  FitEDRiiicy, 
bj  new  experinients,  has  presented  strong  objections  to  the  acceptance  of 
BoiiR'y  findings.  On  the  other  hand  Haldase  and  Smith's  *  noeat 
experiments  n^ion  an  entirely  (lilT{>rent  principle  show  reaalts  which  ooo> 
tradict  the  ordinary  doctrine  of  the  oxygen  absorption  in  the  langa. 

Hai.dami'8  nipllifxl  is  ns  fullowa  :  Thu  iDdiTidiinl  cxfwrimcntfd  upon  U  allowed  la 
lotipirv  air  coiilniiiiiic  in  vxactly  kDi>wn  but  umikll  ipiunlilj  (jf  carbon  monoxide  (0.015 
— O.UQ  pcr<:i.-rit),  iiEitiluu  fiirthL-r  ab»orptiun  of  carbuik  iut>uuxidDl!tke6  pluccnnd  nn'iltbe 

Krietiiago  snliiration  uf  tltc  hgcmoglobin  Id  tlic  artcnal  blond  Willi  mrbon  innDoxJde  bu 
coran  cunatuut  ui  shi^vni  by  a  »p<<ciiil  litrutiuii  mtltiuil.  This  perci-itiace  umiailoo  b 
depcDduut  ugiiHi  tlie  relmiau  bcivpcn  tbe  tfiDalon  of  thi*  oxyecn  in  tbo  bltHK)  and  ll>e 
tendon  of  the  carbon  monoxiile.  as  k'town  from  the  composition  of  ihe  JimplTed  air. 
When  this  liist  and  tlie  piTC^ulagc  siituration  wilh  carbon  tnouoxide  and  oxygen  an 
known  tbe  oxygea  tcnaLoii  iu  tbe  blood  am  be  eadly  ralculftled. 

Haldake  and  Smith  calculate  the  tension  of  the  oxygen  iu  arteriil 
human  blood  at  an  average  of  2G.2^  of  an  atmosphere,  i.e.,  eqoal  approsi- 

'  llnfuer.  Di]  Bois-Rcym find's  .\rcb..  1890 ;  FK-dt^ricq,  Ctiilmlb!    f.  Phyalol  .  Bd.  ", 
and  TntTBux  dii  laboratoire  du  rinstllut  d«  pbyftlolugic  d«  V.\trRe.  Tome  5.  l^M. 
*  Ualdaue,  Jours,  of  Pbyslol..  Vol.  18.  Euhtune  and  Stnllli.  iMtJ..  Vol.  dIX 


CARBON  DIOXIDE  TENSION. 


541 


mately  to  200  mm.  Ilg.     In  ag^reement  with  Bohr  the  V\evr  is  held  that 

diflosion  alone  cannot  explain  the  passage  of  oxygen  from  the  Innga  to  the 

bluod,  and  that  this  question  reqaires  furtlier  JDvostigation. 

Aa  ibe  liaemottl'obm  oblafnt^d  from  dillvivQt  blood  pnrllons  cIoch  not.  acrordlof  to 
Bohr,  ntwftve  titke  up  tlie  miuic  quniitlly  ol  oxystju  for  eii4:U  >^nimmi:,  su.  tlie  litemn- 
glohin  wiU]iD  (lie  blood -corpuaclc  may  show  tv  aTcillar  bcbavior.  He  calls  the  qiinn- 
[ity  of  oxvgeu  (measured  at  0*  C.  Aod  760  mm.  Hg)  wbicli  Su  tnkvii  up  by  ]  grm. 
bietnoi;1ub]ii  of  Ihe  bluud  iit  lO*  C  hdiI  au  oxyj-'cu  [insi-urf  uf  150  nun.  tbc  Bpfrijtf  oiy^ 
gen  rapiuitff.*  TJiU  qimniiiT,  lie  cbiiniB,  mny  be  dllTiH^iit  not  only  in  difleiem  Indl- 
ridiials,  but  also  in  Ibt-  diAereut,  vascular  ftyBtemti  of  Ww  mhiic  iinimal,  ami  U  mny 
aIhii  be  rljHiignl  expei'iiiienlKlly  by  blt-'L-diiif;,  lireHtbluK  nir  deficient  En  nxy>^-n,  iti-  iKti^tno- 
lu^.  It  IK  DOW  cTidfiil  thai  one  uiid  ibe  same  quADllly  of  oxygon  tii  ibt-  Itlrxnl,  olbcr 
thinirt  iM^ing  e«ninl,  miist  have  a  dillert-iit  tension  ncmnliriff  as  tlip  sp^ritlr  myjEiti  Cii- 
pacity  is  greJitvr  or  Biiialler.  TUc  icuslon  of  ibo  oxvgeu.  Uohr  mays,  inny  be  fbuuced 
wittii'iit  rhiiuglng  tlie  c|iiniitlty  of  oxygen,  nud  the  animal  h(jdy  tiiiiM,  accoidTng 
to  him.  bavc  mtitns  of  varying  the  tctiKlot)  of  ibc  oxygcii  in  tbc'tlsfttKS  Iti  a  short 
time  williotit  changing  ifae  qimntlly  of  oxygen  onnlHincd  in  the  blood.  The  great  im- 
porliiDnr  of  gtirli  a  piopcriv  of  the  tisanes  for  rr-«|>ir8tIon  is  tvldt'ut :  but  It  is  perbape  too 
eaily  to  give  a  positive  opfndon  oq  Dock's  statements  &q*\  experiments. 

The  tension  of  the  carbon  dioxide  in  the  blood  has  been  determined  in 

different  waja  by  PplCuer  and  hie  pnpils,  Wolffhekg,  Strassbchg,  and 

NUS-SBACM.* 

According  t«  the  aerotonomelric  method  the  blood  ts  allowed  to  flow  directly  from 
Uic  artery  or  Tbin  tliroiigb  a  glnss  ttibu  vi  bii-h  cotiltiins  a  gua  mixture  of  ii  known  com- 
position, tf  tbf  itnsiou  of  the  carbon  dioxide  In  the  bloud  is  greater  tlian  Iki;  gas  mix* 
tiift^  fbeii  the  blood  gives  up  carUiu  dioxide,  while  In  the  reverse  case  it  takes  up  carbon 
dioxide  from  tbt>  gas  niixLutt.-.  Tlio  imalysis  of  ilic  pis  luixUim  afler  piuaing  (lie  blood 
Ihiougli  it  will  b1*o  decide  if  the  lensiou  of  the  r.irbon  dioxide  in  ilie  Idoocf  U  greater 
or  le-ts  llian  in  tint  ^'aa  mixture  ;  and  hy  a  piifIiciHn(.iy  greal  iinintier  of  detrriniuattt<nB, 
esiM'clfdly  when  ihc  i|ua[iiliy  of  curboit  dioxide  of  the  gns  mixture  corrtspotid*  ne  iicorly 
as  posathlc  in  iho  lieiiinning  to  the  rirnbablc  tenatiia  of  Llits  gaa  iu  llie  blood,  we  tnajr 
lenrik  the  icnskiii  of  itte  carbon  dioxide  In  the  blood. 

According  to  thia  method  the  carbon-dioxide  tension  of  the  art«rial 
blood  is  on  an  average  '.'.i^*  of  an  atmospbero,  corrcsjionding  to  n  preunre 
of  il  mm.  morcnry  (Strassbi'Ro).  In  the  blood  from  the  pulmonary 
alreolt  Nrs&RAi'M  fonnd  a  carbon-dioxide  tenBion  of  3.81^  of  an  atmos- 
phere, corresponding  to  a  presanre  of  28.05  mm.  mercury,  SmASsncRO, 
who  experimented  in  tr&cbeotoinijied  dogs  in  whlHi  the  ventilation  of  the 
Inngs  iraa  less  active  and  therefore  the  carbon  dioxide  vas  removed  from  th« 
blood  with  Ices  reiklinese,  fonnd  in  the  venous  blood  of  the  heart  a  carbon- 
dioxi(]e  tension  of  TyA'i  of  an  atmospbero,  corresponding  to  a  partial  preesnra 
of  41.01  mm.  mercnry. 

Another  method  is  the  catheterization  of  a  lobe  of  the  Inngs  (seepage 
639).  In  the  air  thus  obtained  from  tbe  Inngs  Kisshaim  and  M'olffukho 
fonnd  an  average  of  S.B'r  CO,.  NussdaI'm,  as  previously  mentioned,  liaa 
also  determined  the  carbon-dioxide  tension  in  the  blood  of  the  pulmonary 
alveoli  in  a  caro  aimnltaueonsly  with  the  catheterization  of  tho  Inngs.  He 
found  nearly  identical  resnlts,  namely,  a  carbon>dioxide  tension  of  3.84<l^ 
and  3.8l:i:. 

»  B<ilir.  Cenimlhl.  f.  Pliyslol..  Ud.  4. 

*  WolSberg.  Pflager's  Arch.,  Bd.  6;  Strasaburg,  lAuf./  ^fuubsum.  ibid..  Bd.  7. 


UoUR,  in  )iis  experinieuts  nbore  mentioned  (page  539),  baa  arriTed  at 
other  results  iti  rugunl  Lo  the  carlioii-ilbxiile  teiiBion.  In  eloren  experiinentB 
wit))  iulmluLion  of  Klniosjilterio  air  thti  carbon-Jioxide  tension  in  tbe  arterial 
blood  varied  from  0  to  3B  mm.  llg,  atitl  in  five  experimynU  with  iDhalation 
ot  nlr  containing  curbon  dioxide  fitmi  U.9  to  ."^T.S  mm.  Hg.  A  compariaon 
of  the  ciirbon-dioxide  tension  in  tbe  blood  with  the  bifurcated  air  gare  io 
several  cases  a  grenter  carbon-dioxide  pressure  iu  the  air  of  tbe  Innga  than 
iu  the  blood,  and  m  muxlniuni  tbitt  diflerence  amounted  to  17.3  mm.  in 
favor  of  tbe  ulr  of  the  binga  in  tbe  ex[>eriment»  with  inhalation  of  atmo- 
Epbui'lc  air.  Ab  tbe  alreolar  air  la  richer  in  carbon  dioxide  than  tbe  bifar- 
cuted  air,  tbJs  experiment  nmjnestionabljr  provea,  according  t*i  UuuK,  tbkt 
the  carboQ  dioxide  hits  migrated  against  the  high  pressure. 

In  opposition  to  these  inTefillgations,  Khbdkieu'i^,'  in  liisaboTe-mentioncd 
exporimc^nta,  obtained  tbe  same  liguree  for  the  carboU-dioxide  leneiou  ia 
arteriul  peptoti»  blood  as  Pl'LUiiKR  and  h\&  ptipila  found  for  normal  blooil. 
WnisoFHEiKit,"  in  FKKi>£Kt('(j's  laboratory,  has  made  experiments  witfa 
animuls  which  reapired  air  rich  in  carboik  dioxide,  and  these  experimeota 
r^onlliin  Ffll^okk's  theory  of  respiration.  Tbe  low  figures  obtained  hy 
noiiic  for  tbe  carbon-dioxide  tentiion  appear  remarkable  when  we  recall  that 
CJhasdis  found  in  peptone  blood  which  LAiiuLsse  and  Ulacustein  '  bad 
shown  was  poor  in  carbon  dioxide,  a  high  caiban-dioxide  teiiaiou. 

A  certain  ituportjince  ba»  Imcti  aiuribod  to  oxygen  in  regard  to  tbe 
elimLimtioii  of  curbon  dioxide  iu  tbe  lungs,  in  that  it  lias  an  expelling  actioa 
ou  tbo  carbon  dioxide  from  its  combinations  in  the  blooJ.  Tbii  statement, 
first  made  hy  IIiii.MnREN',  has  recently  found  an  advocate  in  Wi'.kiiio,' 
This  iurestii^tor  has  made  ingeiiioug  e.'cperiments  on  living  animals  in  wbicb 
he  allows  both  lungs  of  the  animal  to  breathe  sepurately,  the  od«  with 
hydrogen  and  tbe  other  with  pnre  oxygen  or  a  gii^  mixture  rich  in  oxrgen. 
Ue  invariably  found  a  greater  c.irbon-dioxid«  tension  in  tbe  air  KDcked  from 
tbe  lungs  in  tbe  presence  of  oxygen,  and  lie  draws  the  conclasion  from  bit 
exi^rjmi;nts  that  tbo  oxygon  passing  from  tbe  Inng  aWcoli  into  the  bloo^^ 
raises  the  oarbon-diosido  tciiaion.  According  to  WsRhio,  by  this  actio^H 
the  oxygen  is  a  powerful  factor  in  tbe  elimination  of  curbon  dioxide,  and 
therefore  it  i»  not  necessary  to  aasumo  a  sjiecinc  action  of  tbe  lung  itaelf  is 
these  processes. 

ZuNTZ  *  has  inggeitted  important  objectiona  to  tbe  conclQaioua  ot 
Werioo,  but  they  have  not  been  substantiated  by  experiment;  hence  the 
question  is  still  open. 

'  Bte  fooi-Tiottf  I.  piigeS40. 

•  Ctfi.lralbl.  r.  Physinl  .  BJ,  If).  S.  WS. 

■  GruEidis,  Du  nois-Reymoiul's  Arch.,  1901  ;  Lidtotiase.  ^iVf..  1880  :  Blactutdo. 
1S91. 

'Holmi^reii.  Wiener  Siizuiigiber..  Bd.  48;  Werigo,  Plluger'*  Arcfa..  &M.  SI  m 

■  Ibiti  .  Ihl.  r,t 
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We  are  not  quite  clear  in  regard   to  the  carbon-dioxide  elimination 

in  the  longs,  and  we  mnat  wait  for  further  light  on  thia  head. 

from  what  has  l>ccn  said  abore  ([titgB  53(>)  in  regard  to  ttie  luternal 
rwf  iration  wo  condaile  that  it  consiats  chiefly  in  that  in  the  capillariei}  the 
oxjgen  parses  from  the  blood  into  the  tisiiuee,  while  the  carbon  dioxide 
passes  front  tlie  tissues  into  the  blood. 

The  ueertiou  of  Kstor  and  Saixt  Pierre  tliat  the  qiiantitr  of  oxygen 
in  the  Wood  of  the  arteries  flecrcupes  with  the  remoteness  from  the  heart 
has  been  shown  as  incorrect  by  I'txCoiiK,*  and  the  oxygen  leusioti  in  the 
blood  on  entering  the  cnpilluries  maet  be  higher.  As  compared  with  t)ie 
capillariea  the  tiMiiea  are  to  ho  considered  as  nearly  or  entirely  free  from 
oxygen,  and  in  regard  to  the  oxygen  a  coneiderabJe  difference  in  pree«iire 
mast  exist  between  tlie  blood  and  tissues.  The  possibility  that  this  differ- 
ence in  pressure  is  euflicient  tif  supply  the  tiesues  with  the  neceaeary 
qnantitj  of  oxygen  is  hardly  to  be  doubted. 

la  regard  to  the  carbon-dioxide  t«Daion  in  the  tissue  we  must  assume 
a  jm'ori  that  it  is  higher  than  in  the  blood.  Thia  is  fonnd  to  tie  true. 
STitA^sui'Ru'  found  in  the  nrine  of  dogs  and  in  the  bile  a  carbon-dioxide 
tension  of  9^  and  7^  of  an  atmosphere,  respectively.  The  same  experi- 
menter has,  further,  injected  alntoapherie  ulr  into  a  ligiitnred  portion  of  the 
iiit4>8tine  of  a  Hring  dog  and  analyzed  the  air  tnken  out  after  some  time. 
He  fonnd  a  carbon-dioxtdo  tension  of  7.7^  of  an  atmospliere.  The  carlran- 
dioxidc  tension  in  the  tissncs  is  considorably  grentcr  tlinu  in  the  venous 
blood,  and  there  is  uo  opposition  to  the  viev  tliat  the  <rarbon  dioxide  simply 
diffuses  from  the  tisanes  to  the  blood  according  to  the  laws  of  diffusion. 

Timi  a  inii'  »i-(.Tt;[ioii  uf  gnsex  occum  )ti  aDimaU  follnw«  fKnii  llic  ronipofillfnn  nnd 
teliftvior  of  llic  (iiuius  in  tlic  swiruiiiioj;  I'ltiddiT  of  ftsbcs  Tlirsc  gases  coii^hl  of  oxy- 
Eeii  iiQil  iiiiT»(,'rii  will)  iitily  nmHlL  ^tinniUiex  of  csfbon  didxlilc.  In  n^-hv)'  MliirU  ili>  tiot 
nT«  ul  any  i:mit  <)c]>ib  itic  iiuniiliiy  ut  tixygi-n  la  ordiimnly  u%  liiirli  an  in  lla-  alnnM- 
ptieru,  »liil«  li«lji-a  wlikli  li<r«  ni  );reat  dt-plbt  mny.  ftrc<ir>liii|c  t<>  Bl<>T  luid  ulltiTE.  coii> 
lain  roEiHiilertiUly  inure  oxr^iii  mud  t-rnu  nliuve  tiM-  Moiieau  Ii»k  dIh)  TactKl  tlml  aflor 
eiiiiitylitg  il>c  swinimiiig-liUild^r  by  inniTi!«  of  a  trocnr  nuw  nir  rtillccioil  ntiar  a  lime, 
and  tills  air  wim  rlrlit-r  in  uny^i-ii  tltiin  Ihc  riluiusplieric  air  tiinl  ruiijaiitetl  wt-u  RAf 
oxygen.  Bohr  '  wfm  liiu  provnl  nnni  ronlirtneil  tlu'oe  slatrmcniB,  hIho  f(i<iiiil  ilist  itifn 
ci)IlcHioii  in  iiiiiler  ihi:  iiillueiico  of  iba  nL-rrnus  lyilem.  because  on  Iho  (>«<  lion  of  ceriniii 
branches  of  nnriiiitnfniMHr  I'crTi'  ft  ii  ilisoonlliiURtl.  I(  in  Ix^yuni)  (HspiilP  ti  ilI  wi-  lii>vc 
licTB  a  wcietiua  and  not  a  difTnsioti  of  oxygon. 

Several  inethodH  have  been  suggested  for  the  stody  of  tliu  tjiinntitatiTe 
-relationship  of  tho  res]>iratory  exchange  of  gas.  We  mast  refer  the  reatfer 
to  other  text-books  for  more  details  of  these  methods,  and  we  will  here  only 
mention  tho  chief  features  of  the  moat  im|>ortant  methods. 

>  Kitnr  anil  flt.  Pkrra  witli  Pflniter  In  PflUger's  Arclt..  Ud.  1. 

'  PllOger*  Arrli,.  Ti<\.  ft. 

*  Itlol.  «Nw  Heniinnn'fl  nnnilUiicIt  d.  Piiyaiol..  B<l.  4.  TIjI.  S.  S.  I^il  :  M'TPnii  C'onipl. 
rend  ,  Tome  67  ;  Bolir,  J«>iim.  of  Phy«iol  ,  Vol.  iS.  See  rIm  llQfwr.  Du  Uol»-Htjf- 
inoml*sArcli..ltl93. 
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KegkaI'lt  and  REiesT's  Mtthod.  According  to  tUU  mclliud  llie  nuiinal  or  pvnou 
exi)UTiniciiU'<l  iiixin  Sn  nlloned  to  tirtiiilLe  iu  au  enrloscil  s[inLT.  Tbc  carlX/ti  dff>Ziil«li 
remuved  from  tao  nir,  ai  U  furms.  bjr  stroDg  cnualic  iilknti.  from  wliicli  the  ittmiiijt)r 
may  be  tklrrn lined.  wlill«  tlie  cixy^'U  \»  re]iinu.'0  vuuiiuiiikllr  by  cxnc-lly  luviifurett 
qiuiatitiea.  This  maHrMl.  wliic-li  iilsu  makes  posi>tblc  »  direct  ileteriiiiuaiion  of  ilie 
Dsygeu  used  aa  >tell  a«  tlie  cailwa  diozide  piudiicc'l,  1iil«  aiiicv  beeo  tiiodilieii  bv  otltnt 
iiiTi-ilignlora,   hucIi  as  1*flL'obi(   and   liltt  pupiU,  StiKacK  ODil   Xnn-ut,   and  borpt- 

Pkitkskofkii'i  Mtthod.  ActwdiiiK  to  iliis  mdlicKl  (lie  itidiTidiml  lo  be  cxperi- 
nionieti  upon  brcatbes  fa  s  room  throuKli  wliicli  a  current  of  atmuiplicric  air  ia  [msicd. 
The  i|uniitlty  u(  air  paiaed  UiKiiigli  la  cuiEfully  mcosuiTd.  Ah  it  i»  iniuo»>iihlc  to 
ftunlyXA  nil  the  nir  msdo  tu  pnas  Itirougb  the  rhainlier,  n  araall  rractioQ  of  lliia  alrb 
divoilcd  intu  a  LniDch  li»«  during  ibe  euliru  cxpvriuieiil,  curefully  iDeaaurt-d.  aiid  ibe 
qtiHtility  of  carb<m  dioxide  and  wHier  di^lermined.  Kmnt  ilie  rfini|)n«itioa  of  tblt  air 
the  (juftDtlty  of  wnccr  and  curtion  illoxJd«  c»iiiftincd  in  tlic  large  quantity  uf  air  luade  to 
pass  ihroucb  ibu  oliainbcr  cau  tm  ciiIiMilnteit.  The  conBiimprlnu  of  uxyguo  cttiiDtit  b« 
dirtfUy  dciermiued  in  ihis  ih^lIickI,  Imii  mny  be  iudirectiy  by  ttillci-cnco,  wliirli  is  a 
defect  in  this  metbotl.  TIjc  lar^o  respiialiim  apparatus  »f  Sunoek  uuJ  TiuKitsrcxii' 
la  iHurd  iipoii  Ihia  |>rmrip]D. 

Spbcc*!!  SieOioilJ*  For  briefer  «xp«rii]ieut8  on  luau  Speck  has  usvtl  lliv  following: 
Hi;  Itreriiht'fl  inii>  two  s]>iroTnetcr-receivfrs.  ou  which  liie  ^is-vuIudib  can  be  reiMl  oA 
»ery  acL-nrau-ly.  through  a  nioutlipli^ce  with  iwo  v-rItcs,  closing  ilie  nose  wilb  n  cIbimi. 
Tlie  air  tT*>m  uno  of  lli<;  spiroiuctem  is  iittialed  iJirouj^  oue  ralve,  and  tbe  ezplrird  sir 
puwies  ilirougli  the  fA\ivv  \\\U)  Ilie  otliur  spiroroetsr.  By  meats  of  «  rtjl>UT  tutw  rua- 
liecled  witb  tbc  expiniiinii-liibe  au  accurately  measured  part  of  Ibc  expired  air  innj  be 
piMKcd  into  nil  tlll^u^pItl>ll'[ubu  Hiiil  iitittly/.ed. 

ZcNTZ  and  GKri'KKr'a  Mrt/ioil*  This  method,  which  bna  been  iiiipruvcd  by  Zcsn 
and  liLs  pupils  from  tiui«  to  limu,  consists  in  the  fullowltig:  The  individual  bclag 
espt'rliiieutod  upon  luspircs  pun-  almosphcric  air  ihrouph  n  very  widt-  fi-fnl  plj)*  Jetiling 
from  thu  ujiei]  ah,  ibo  iueplred  niid  Ibe  i.-xpirt-d  air  bciu^  »«{mnit(!d  by  iwo  valvM 
(huimin  suf 'Wis  hnulUp  with  cloaed  uuse  by  nu-uiiH  of  a  soft  rublicr  mouthpiece,  aal- 
vanU  lliroiii:)i  do  air-tiglit  tracheal  caiiiiln).  The  voluuie  of  the  expired  nir  is*  mcnfturrd 
by  a  gn»-nii3lnr,  uud  an  aliqiitii  part  of  Ibis  aircnllocled  anil  (I)e  qiirtntiiy  of  carlwti 
dloxiile  tiiiil  i>xy(;cn  deiemilncd.  As  tht?  composltloii  of  the  alniO!>pbt:ii<'  air  en  be 
conaidered  a-i  ooiistant  within  a  certain  limit,  the  prodncliou  of  cnrl»^ii  dioxide  as  well 
as  tiie  ronaumpiion  of  oxygen  may  be  readily  culculnled  (see  the  works  of  Zutiu  and 
bU  i>ii|>lU>. 

Uankipt  anil  Kioheth  vuthod*  \»  characterized  Ity  lit  sittiplicliy.  Thete  1dti«I> 
gators  allow  tie  total  air  to  pass  through  three  gAS-tneters,  one  nfler  ilie  olbcr.  Tbe 
UhiI  nie>tiiuret  the  itiNpired  nir,  wlmite  rompoiiitiiiii  is  known.  The  et'cnnd  tris-nie'.er 
men^urea  ibc  expire)  idr,  nnd  iIjc  third  the  (jiinnllty  of  ihc  expired  air  after  tlie  cat  boa 
dioxide  hn»  been  removed  by  a  snilable  apparattia.  Tlio  quiiulily  of  car)>on  djoikll 
producetl  and  the  oxygen  couauiued  can  be  rtadlly  calculated  from  tfacM  data. 


Appniidlx. 

The  Lungi  and  their  Expectorations. 

Betidea  proteid  bodies  auii  the  albuminoids  of  the  connect iT6-8Qbslao€§ 
group,  hcidiiH,  inurin  (espectnlly  in  ox-liings),  uric  acid,  and  ino*it  hate 
been  foaud  in  the  lungs.     Puulct*  cInimB  to  have  fonnd  n  &{>ceial  acid^ 

'  Seo  Zuniz  la  HernnnD's  Handbucb,  Bd.  4.  Tbl.  2,  and  Hoppe-Seyler.  ZeiiKbr.  t 
physliil.  Ohcm  .  Bd.  10. 

■  Petienhofer'a  metbwl :  see  Zuuiz,  ).  c;  Sond£a  and  Tlgerttedi,  Skaud.  Aiclt.  1 
Pbysiol  ,  Bd.  0. 

■Speck,  PbysloIogtedesmcDschlichcn  Atbmcna.    Leipzig,  1993. 

•  PflOgi-r's  Arch.,  Bd.  4i.  See  nlao  Mngoiia-U-vy  Id  I'flQgvr's  Areh.,  Ud.  63.  S.  Id 
to  which  tbe  work  of  Zunu  and  liis  pupils  is  cited. 

•  L'oDipt.  rend.,  Tome  104. 

•  Cited  from  Haly's  Jahiesber.,  Bd.  18,  B.  S4$. 
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which  he  has  called  polmo tartaric  acid,  in   the  lang-tiBsue.      Glycogen 
Accars  abnndantly  in  the  embryonic  long,  bnt  is  absent  ia  the  adult  long. 

The  black  or  dark  brown  pigment  In  tlie  lun^  of  liuiiinn  bvings  nml  ilomc-siic  iini- 
malfl  consists  chiefly  of  carbon,  which  originates  from  tlie  sool  in  the  air.  The  |<igiiu'tit 
may  in  part  also  consist  of  inetiiniii.  Besides  iiirboii.  otiier  bo<lies,  such  as  iron  oxiilc, 
silicic  Kcid,  and  clay,  may  be  deposited  iu  tbc  lungs,  being  iuimled  as  dust. 

Among  the  bodies  found  in  the  lungs  under  pathological  conditions  -via 
must  specially  mention  albamosesand  peptones  (in  pneumonia  and  suppura- 
tion), glycogen,  a  faintly  dextro-rotatory  carbohydrate  differing  from 
glycogen  found  by  Pouchet  in  consumptives,  and  finally  also  cellulose, 
which,  according  to  Freuxd,'  occurs  in  the  lungs,  blood,  and  pus  of 
persons  with  tuberculosis. 

C.  W.  Schmidt  found  in  1000  grms.  mineral  bodies  from  the  normal 
human  lung  the  following:  NaCl  130,  K,0  13,  Na,0  195,  CaO  19,  MgO 
19,  Fe,0.  32,  P,0,  485,  SO,  8,  and  sand  134  grms.  According  to 
OiDTMANX '  the  lungs  of  a  14-day-old  child  contained  796.05  p.  m.  water, 
198.19  p.  m.  organic  bodies,  and  5.76  p.  m.  inorganic  bodies. 

The  sputnm  is  a  mixture  of  the  mucous  secretion  of  the  respiratory 
passages,  of  saliva  and  buccal  mucus.  Becanse  of  this  its  composition  is 
Tery  variable,  especially  under  pathological  conditions  when  various  products 
mix  with  it.  The  chemical  constituents  are,  besides  the  mineral  substances, 
chiefly  mucin  with  a  little  proteid  and  nuclein  substance.  Under  patho- 
logical conditions  albumoses  and  peptone  (?),  volatile  fatty  acids,  glycogen, 
Charcot's  crystals,  and  also  crystals  of  cholesterin,  hiematoidin,  tyrosin, 
fat  and  fatty  acids,  triple  phosphates,  etc.,  have  been  found. 

The  form  constituents  are,  under  physiological  circumstances,  epithe- 
lium-cells of  various  kinds,  leucocytes,  sometimes  also  red  blood -corpuscles 
and  various  kinds  of  fungi.  In  pathological  conditions  elastic  fibres,  spiral 
formations  consisting  of  a  mncin-like  substance,  fibrin  coagnlum,  pus, 
pathogenic  microbes  of  various  kinds,  and  the  above-mentioned  crystals 
occur. 

'  Pouchet,  Compt.  rend..  Tome  96 ;  Freund,  cited  from  Maly's  Jahresber.,  Bd.  16, 
8.  471. 

*  Schmidt,  cited  from  v.  Gorup-Besasez,  Lehrbuch,  4.  Aufl.,  8.  727 ;  OldtmanD. 
ilnd.,  8.  782. 


CHAPTER  XVm. 

METABOLISM  WITH  VARIOUS  FOODS,  AND  THEIR  NECESSITY 

TO  MAN. 

The  conTeraion  of  chemical  tension  into  lining  energy,  which  character- 
izes animal  life,  leads,  as  previonaly  seated  in  Chapter  I,  to  the  formation  of 
relatively  simple  compoands — carbon  dioxide,  urea,  etc. — which  leave  the 
organism,  and  which,  moreover,  being  very  poor  in  potential  energy,  are 
for  this  reason  of  no  or  very  little  value  for  the  body.  It  is  therefore 
absoldtely  necessary  for  the  continnance  of  life  and  the  normal  coarse  of  the 
fanctions  of  the  body  that  the  organism  and  its  different  tissaes  should  be 
snpplied  with  new  material  to  replace  that  which  has  been  exhausted.  This 
is  accomplished  by  means  of  food.  Those  bodies  are  designated  ta  food 
which  have  no  injurious  action  upon  the  organism  and  which  serve  as  a 
source  of  energy  aud  can  replace  those  constituents  of  the  body  that  have 
been  consumed  in  metabolism  or  that  can  prevent  or  diminish  the  coo- 
sumption  of  such  constituenta. 

Among  tlie  numerous  dissimilar  substances  which  man  and  animals  take 
with  the  food  all  cannot  be  equally  necessary  or  have  the  same  value.  Some 
perhaps  are  nnnecessary,  while  others  may  be  indispensable.  We  have 
learned  by  direct  observation  and  a  wide  experience  that  besides  the  oxygen, 
which  is  necessary  for  oxidation,  the  essential  foods  for  animals  in  general, 
and  for  man  especially,  are  water,  mineral  bodies,  proteins,  carbohydrates, 
and  fats. 

It  is  also  apparent  that  the  various  groups  of  food-stuffs  necessary  for 
the  tissues  and  organs  must  be  of  varying  importance;  thus,  for  instance, 
water  and  the  mineral  bodies  have  another  value  than  the  organic  foods, 
and  these  again  must  differ  in  importance  among  themselves.  The  knowl- 
edge of  the  action  of  various  nutritive  bodies  on  the  exchange  of  material 
from  a  qualitative  as  well  as  a  quantitative  point  of  view  must  be  of  fnnda- 
inental  importance  in  determining  the  value  of  different  nntritive  substances 
relative  to  the  demands  of  the  body  for  food  under  various  conditions,  and 
aho  in  deciding  many  other  questions — for  instance,  the  proper  nntrition 
for  an  individual  in  health  and  in  disease. 

Such  knowledge  can  only  be  attained  by  a  series  of  systematic  and 
thorough  observations,  in  which  the  quantity  of  nutritive  material,  relative 
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to  the  weiglit  of  the  bodj,  taken  ntid  absorbed  in  a  giren  time  is  compared 
witli  tlie  qiiuiititv  of  Unnl  m(;tal>olic  ]irodiii:ta  wlitcli  Leiive  ilie  orgauism  at 
the  ii!im(!  time.  Reeearclies  of  tliis  kiiid  liuve  been  iitiide  bjr  se"em]  invest)* 
gntors,  but  above  nil  chouM  be  mentioned  thoE«  mode  by  BtgcQOFP  and 
VoJT,  br  pETTENKOi'KK  fiod  VoiT,  uud  by  VuiT  and  bis  pnpils. 

It  is  abgolntely  iieccesnry  in  researches  on  the  cxcbange  of  material  to 
be  Ablo  to  collect,  anulyze,  and  qiiantitatireilj  estimate  the  excreta  of  the 
organiem,  io  thai  tbe.v  muv  be  com|>are'i  with  iha  qaantitv  and  composition 
of  ibe  imiritire  bodies  titkeu  up.  In  the  IJrat  place,  one  mnat  kuow  vrhat 
the  liabitiml  excreta  of  the  body  are  and  in  what  way  these  bodies  leave  the 
organism.  One  nniat  also  hare  trastworthy  methods  for  the  qaantitative 
Mtimatiou  of  the  eajne. 

The  organiBm  may,  nnder  physiological  conditions,  be  eziwsed  to  ftcci- 
deotnl  r>r  periodic  loesee  of  valnable  material — euch  losHeft  as  only  occur  in 
certain  individnals,  or  in  the  game  individual  only  at  a  cert^io  period;  for 
instunce,  the  secretion  of  milk,  the  prodnction  of  eggs,  the  ejection  of 
semen  or  menstmal  blood.  It  is  therefore  apparent  thiit  these  losses  can 
be  the  subject  of  investigation  and  estimation  only  in  epecial  cases. 

The  regular  and  constant  excreta  of  the  organism  are  of  the  very 
great«Bt  im^iortanc^  in  the  study  of  metal>oIisni.  To  these  lielong.  in  the 
fint  place,  the  true  final  metabolic  products — cahbon  uioxidk,  urea  (uric 
acid,  hippuric  acid,  creuttDin,  and  other  nrinnry  constituonte),  and  a  part 
of  the  WATEii.  The  remaindor  of  the  water,  the  mineral  bodies,  am]  those 
secretiona  or  liasne-constitnentp — liters,  dioestivb  pi.uiijs,  sehi'M,  sweat, 
and  EPiDEKMis  FORMATIONS — which  ftfc  either  poured  into  the  intestinal 
tract,  or  eecreted  from  the  aurfafre  of  the  body,  or  broken  off  and  thereby 
lost  to  the  body,  also  belong  to  the  constant  excreta. 

Tlifl  remaiaa  nf  food,  sonieiinics  Indl^ifble,  aoracilmes  illgesilble  but  not  aciiKl 
upnn,  rtiiitninfi]  in  Ihc  fa*ci's,  nliicli  Tiiry  cunaiilcrably  lii  quHnllty  nnd  composition 
whli  lliv  iMiiin^  nf  tlic  fmid.  nlwi  Ivelonff  to  Die  exrrctn  of  ihc  organism.  Kven  lliougli 
tlKiw  rumnlus.  wtikb  are  never  absorbed  Kod  tborefore  ore  o«Ter  coDailtuviiia  of  iba 
animal  fluids  or  ttitfiiieH.  cannut  be  conafdereil  as  excreta  of  tlie  tuicly  in  n  sirlct  sense, 
■till  tbeir  i|uaiilflRtlve  csttcnittion  te  absolaiely  neceunrj  tn  certain  experlcucnU  ou  tbe 
excliNDge  of  niutcdril. 

Tilt-  delc-nnlDFition  of  ibo  cooBtanl  loss  Is  In  some  coseii  nroompsntcd  wUh  the 
greatest  (lilHruliica.  The  Ihm  from  Ibe  delnclied  eiiitlermiK,  from  tbe  secretion  of  llie 
■ebacemiM  f;lanils,  c[c  ,  c-iuirii.>t  be  iJeierinlrtcd  with  csmincas  wlihoiii  dICtlculiy,  and 
Iborpfore — ai  ibey  do  sot  ocra.alni)  nay  appreciable  1d«8  becnase  of  tbefr  amall  quAD* 
tity— ilivy  need  not  be  ctmsidcred  In  (luaiitllnrtvc  exper!menl8  nn  nietatxillui).  Tliis 
also  appttea  lo  die  coniiUtu&nU  of  Ibc  mucus,  bile,  pancreatic  ttn<l  Inl^ti'rial  Jii!c4-i.  etc., 
(imirrlii.!;  lo  tliu  ccmtvuls  of  Ibv  Inlcsticii*,  itiuil  M'liii:li,  k'liviiig  ibe  budy  vritb  tlie  rowes, 
cannot  be  separaU-d  fmm  llu*  otlicr  conlcnks  nf  llie  intpstlrx^  nnd  ibi-refore  ennnot  be 
qiinntilalirely  duU-rDniuvd  acpintely.  Tbe  liDcertaiuiy  vblcb.  becAUDe  of  Ibe  hitU 
mated  dlfllciililos.  sltarht's  ilsulf  to  the  results  of  llie  expeTimentn  Is  very'  amall  aa  com- 

fixred  (o  llu*  variation  wlilcb  la  cnuaed  liy  different  indlvidunltlles.  different  inodca  of 
kiiig.  dlfTerenl  foods,  ete.     Xo  pcnoriLl  but  nnly  appruzimute  vuIum  cun  Ibercfore  ba 
given  for  tbe  consuut  excreta  of  tbo  humao  body. 

Tbe  following  fignrea  represent  the  qnantity  of  excreta  for  24  honrs  from 
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a  grown  man,  weighing  60-70  kilos,  ou  a  mixed  diet.     The  nombers  are 

compiled  from  the  results  of  clifTerent  investigator!. 

Grammefl. 

Wftler SSOO-SMW 

Siilu  (wKli  the  ur1o«) , SO-tW 

C'urlMU  dioxide 7y)-900 

Ure» 80-40 

Otticr  nlci'ojj'enotis  urinary  coosiUueDts 2-A 

Soihlfl  in  llie  cxcrcineuU Sf^SO 

These  total  extrretii  are  approximately  divided  among  the  mrioor 
oicretious  in  tlio  following  wsy^ — bnt  still  it  must  not  be  forgotten  that  this 
division  may  VAry  to  a  great  exteut  nnder  varioae  external  circumelanoes: 
by  UKSPiRATioN  about  33^,  by  tbe  evai'obatiox  from  the  skis  17i,  witli 
the  VhiSF.  4*;— IT;!,  and  with  the  E^vrrtF.MFNTS  5-tt<<.  The  elimination  bv 
tbe  skin  and  lunga,  which  is  eometimes  differentiate)!  by  the  name  *'  i^eks- 
PiKATiu  iNt^KNSiHii.H  "  from  the  visible  elimination  by  tbe  kidneys  and 
intestine,  is  on  an  avcrugo  abont  itOi,  of  tbe  total  elrniinalion.  This  proper- 
tion,  quoted  only  relatively,  is  snbjeot  to  considerable  variation,  becanse  of 
tlie  great  drlTerence  in  the  loss  of  water  throngb  the  skin  and  kidneys  DDd<>r 
different  cirPiiniHtnnnes. 

The  nitrogenons  conBtitnents  of  the  excretions  consist  cbie6y  of  nrea, 
or  uric  acid  in  certain  animala,  and  tlio  other  nitrogeneous  nrinary  con- 
Ktitaenta.  A  disproportionately  large  part  of  the  nitrogen  leav^  the  body 
with  the  urine,  and,  as  tbe  nitrogoDeons  constituents  of  this  excretion  uc 
final  products  of  the  metabolism  of  proteids  in  the  organism,  the  quantity 
of  proteids  catubolized  In  tbe  body  may  be  easily  caEcntated  by  multiplying 
the  quantity  of  nitrogen  in  the  urine  by  the  coeflicient  0.35  (i^  =  C.35), 
if  we  admit  that  tlie  i)roteida  contain  in  round  number  ]«!.<  nitrogen. 

Slitl  another  cptostion  is  whetlier  tlie  nitrogen  leaves  tbe  body  only  with 
the  urine  or  by  other  channel!!.  This  last  is  habitually  the  case.  The  dis- 
charges from  tbe  intestine  always  contain  some  nitrogen  wlucli  has  a  twofolj 
origin.  A  part  of  this  nitrogen  depends  upon  tiodigested  or  non-absorbed 
remnants  of  food,  and  anotber  part  on  the  non-abeorbed  remains  of  digtA- 
tive  secretions — bile,  pancreatic  juice,  icteitinal  macus — and  of  epitheliam- 
cella  of  tbe  mcicons  membrane.  It  follows  that  a  part  of  the  uitrogenef 
fa>ces  has  this  last<meiitioued  origin  from  the  fact  that  discharges  from  tbe 
intestine  occur  also  in  complete  inanition. 

It  is  obvious  that  exact  reHults  wbich  answer  for  nU  times  cannot  be 
given  for  that  part  of  the  nitrogen  which  has  its  origin  in  the  digeetin 
canal  and  fluids.  It  may  not  only  vary  in  different  individnals,  bntalseia 
the  same  individual  after  more  or  less  active  secretion  and  absorption.  la 
the  attempts  uiudc  to  determine  this  part  of  the  nitrogen  of  the  excreneiitf 
it  has  been  found  that  in  man,  on  non-nitrogenous  or  nearly  nitmgen-fn* 
food,  it  amounts  in  ronnd  numbers  to  somewliat  less  than  1  grm.  per  $4 
hours  (RiEDEK,  Rl'ungb).     Kven  with  euch  food  the  absolnte  qoADtity  ef 
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nitrogen  eliminated  by  the  fsces  increases  with  the  qaantity  of  fooi  beoanse 
of  the  Bcc«lerat«d  digcatioa  (Tst'uoi'),  and  is  greater  tlian  in  BtarratioD. 
MCi.leb'  foand  in  hia  obaerrationa  on  the  faster  Cetti  that  only  U.'i  grm. 
nitrogeu  was  derived  from  the  intcBtiual  canal. 

The  quantity  of  nitrogeu  which  leares  the  body  tinder  normal  circnm* 
stances  by  means  of  the  hair  and  nails,  with  the  scaling  oS  of  the  skin,  and 
with  the  perspiration  cannot  be  aconrately  determined.  Ouly  in  profuse 
sweating  need  the  elimination  by  thia  channel  be  taken  into  cooBideration. 

The  view  was  formerly  held  that  in  man  aod  caraivora  an  elimination 
of  gHfieouB  nitrogen  took  p)aiH<  through  the  akin  and  lungs,  and  becaime  of 
this,  on  comparing  the  nitrogen  of  the  food  with  that  of  the  nriue  and 
fsecea,  a  nitrogen  deficit  occurred  in  the  Tisible  eSimination. 

This  question  has  been  the  subject  of  much  discussion  and  of  nnmerons 
iQTestigations.'  These  inreatigations  hare  shown  that  the  abore  assumption 
is  unfounded,  and  moreover  several  iurestigators.  especially  Pettenkofkr 
and  VoiT,  and  (tRCiiiai,*  have  fthown  by  experiments  on  man  and  animuls 
that  with  the  proper  quantity  and  quality  of  food  we  can  bring  the  body  into 
nitrogenous  equHibri'um,  in  which  the  quantity  of  nitrogen  voided  with  the 
arinc  and  fxces  is  equal  or  nearly  equal  to  the  quantity  contained  in  the 
food.  Undoubtedly  we  must  admit  with  Voir  that  a  deficit  of  nitrogen 
does  not  exist;  or  it  is  so  insignilicant  that  in  experiments  upon  metabolism 
it  need  not  be  considered.  Ordinarily,  in  iuvestlgations  on  the  cataboUsm 
of  proteids  in  the  body,  it  is  only  necessary  to  consider  tlie  nitrogen  of  the 
nrine  and  fwoee,  bnt  it  must  be  remarked  that  the  nitrogen  of  the  urine  ia 
a  mea.snre  of  the  extent  of  the  catabolism  of  the  proteids  in  the  body, 
while  tiie  nitrogen  of  the  fnecea  (after  dedncting  Bboiit  1  grm.  on  mixed 
diet)  is  a  meaanre  of  the  non-absorbed  port  of  the  nitrogen  of  the  food. 
The  nitrogen  of  the  food,  as  well  as  of  the  excreta,  is  generally  determined 
by  Kjkluaiil's  melhotl. 

In  the  oxidation  of  tlie  proteids  in  the  organism  their  snlphnr  ia  oxidized 
into  snlphnric  acid,  and  on  this  depends  the  fact  that  the  elimination  of 
anlphuric  acid  by  the  nrine,  which  in  man  is  only  to  a  small  extent  derived 
from  tlio  sulphiktes  of  the  food,  niukcs  nearly  equal  vnriatione  as  the  elimi- 
nation of  nitrogen  by  the  urine.  If  we  consider  the  amount  of  nitrogen 
and  snlphur  in  the  proteids  as  I6<  and  l:t  respectively,  then  the  proportion 


■  Riedcr.  ZctlMhr.  f,  Biologic.  !1<l.  30 ;  Riibticr.  ibid..  Bd.  16  :  Tiubol.  ibid.,  Bd.  86. 

■  Uerliri.  kliu.  Woclivusclii.,  1887. 

*  Seu  KcgiiuaU  ami  nHH-i.  Aaiml.  d.  ehlm.  d  pliyt.  (8).  Tome  3d,  nnd  Annul,  d. 
Chem.  II.  PhBmi.,  Rd.  731;  Hvegen  nnd  Nciwak.  Wbn.  HitKungBlier..  ltd.  71,  niid  Pfll\j;er'fl 
Arch..  Bd.  25;  Pellenkofer  and  VoU,  Zeit«cltr.  f.  Biologic,  Bd.  !«  ;  Le.>.  pfloger's 
Arcb..  Bd.  36, 

*  PettenkofcT  aoii  Volt  iu  Bermaaii'a  Enudbuch.  Bd.  6.  TLl.  1 ;  Qraber,  Zellacbr.  t 
Blolcigle,  Bdd.  ISandlO. 
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betveen  tlie  iiUrogen  of  the  prateida  nnd  the  siilpttirio  aoii],  H.SO,,  pm- 

dueeil  by  their  coiiiliostion  is  in  the  nitiu  h.'l  :  1,  orahont  the  same  win 
the  uritie  (sei^  page  4<J'J).  Tlie  determination  of  the  qaantitf  of  snlphnric 
acid  etimiiiate*!  with  the  nrine  gire«  na  an  important  meaua  of  coutrollini; 
the  extent  of  the  transformatioti  4if  prutoiiiii,  atid  i^tich  a  ouiitrol  is  especixllv 
itupartaut  in  case^  iu  which  wo  wi«h  to  study  the  action  of  certaiu  nitro^ 
enoim  iiou-ulhiiminons  bodies  od  the  metabolism  of  proteida.  A  determi- 
luttion  of  the  nitrogen  alone  is  not  BiifTicieiit  in  snch  cases. 

The  pseudonQcleins,  as  well  as  the  trne  nticleinj,  may  be  absorbed  from 
the  intestinal  tract  and  then  assimilated  ((it'MUCH,  Saxdueyeu,  Mabcdsi, 
lioiiiiAS'N,  and  Rtkixitz  ').  On  the  otiier  hand,  tho  pliosplmrized  i>rotein 
snbstances,  lecithins  and  protagona,  are  also  decomposed  within  the  body, 
uiul  their  phosphoms  is  chiefly  eliminated  as  phosphoric  acid  and  also  iu 
jutrt  Hs  organically  combined  phosphorus  (see  Chapter  XV,  page  4»J2).  >'or 
iliesa  reujons  the  2>liospiioriia  is  of  great  importance  in  certaiu  iuTeetigationi 
on  metabolism/ 

If  it  '\A  foand,  on  compjtring  the  nitrogen  of  the  food  with  that  of  the 
urine  and  fffices,  that  Ihere  is  an  excega  of  the  flret,  thie  means  that  the 
body  has  increaaeil  its  stock  of  nitrogenona  snbatances — proteida.  Jf,  oa 
the  contrary,  the  urine  and  faj.^escouttLin  more  nitrogen  than  the  food  taken 
at  the  same  time,  this  denotes  that  the  body  is  giving  np  part  of  iti 
nitrogen — that  is,  a  part  of  its  own  proteids  has  been  decompo<^d.  We 
CiQ,  from  the  quantity  of  nitrogen,  ad  abore  stated,  caJcnlato  the  corre* 
spending  ([uuntity  of  proteids  hy  rniiltiplying  t>y  'V'jj.  Usnally,  according 
ti>  Voit's  proposition,  the  nitrogen  of  the  nriiio  is  not  calcnhited  as  decom- 
posed proteids,  but  as  decomposed  mascle-substatice  or  flesh.  Lean  meet 
cootains  on  an  average  about  'AA'i  nitrogen;  beuca  each  gramme  of  nitrogeo 
of  the  nrine  corresponds  in  roand  nnnihers  to  about  3u  grnis.  fleeh.  Tbe 
assamption  that  loan  meat  contains  3.4'f  nitrogen  is  arbitrary,  as  specially 
stiown  by  1'flCoer,  and  the  relalionship  of  N  :  C  in  the  proteids  of  dried 
meat,  which  is  of  great  importance  in  certain  experiments  on  metabolinn, 
is  giren  differently  by  various  experimenters,  namely,  I  :  3.22 — 1  :  3.0$. 
AiKii  riNPKY  '  found  in  ox-flesli,  after  complete  remoral  of  fat  and  sabtrtc- 
tioa  of  glycogen,  that  the  relationsliip  was  1  :  ^.'ZA. 

A  disproportionately  large  part  of  the  carbon  leaves  the  body  as  carbaa 
dioxide,  whicii  escapes  ciiieily  through  the  lungs  and  skin.  The  remaioiler 
of  the  curbon  is  eliminated  in  tlio  form  of  organic  combinations  by  the  nrine 
and  fwces,  in  which  the  qnantity  of  carbon  can  be  determined  by  elemenUur 

'  StcinlU,  PflOger's  Arc)).,  Bd.  73,  wliicli  coiiliiios  llie  work  of  the  otbet  ambnn 
cited. 

*  In  rt'g&rd  to  Itte  mclUods  in  tliU  connectioii  see  Slcinltr..  I.  r.;  Oertel,  ZdUcbr.  t. 
pli^siol.  Chein.,  Bd.  26 

>  I*flOger,  PflUgcrN  Arch..  UA.  31,  8.  220  ;  Arguliusky.  Otid.,  Bd.  56. 
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analysiii.  For  most  pnrpo^ea  it  is  safSlcient  to  calcolate  tlie  qnautity  of 
carbon  in  cbe  uriue  from  tbo  quantity  of  nitrogen  acconling  tu  thti  lelution- 
Blilp  X  :  C  =  1  :  0.67  (PflCokh).  Tbo  i]naritily  of  gaseous  carljon  Oioxide 
eliiiiinaled  may  be  Joternutifid  by  moans  of  I'tnTENKuFKn'f-  respiration 
apparatus,  or  by  otber  methods  as  described  in  the  preceding  c!uipt.er.  ]!y 
multiplying  tba  quantity  of  carbon  dioxiile  found  by  0.273  we  obtiiin  the 
^aantity  of  carbon  eliminated  as  CO,.  If  we  compare  the  total  quantity  of 
'ffiarbon  eliminated  in  rarioiis  ways  witli  the  carbon  contained  in  the  food 
we  obtain  some  iOea  aa  to  ttie  ti'^nsfumiation  of  the  carbon  compounds.  If 
the  quantity  of  rarbon  in  tlie  food  is  ^i-catcr  than  in  itjo  excreta,  then  the 
exce&s  is  deposited;  while  if  the  reverse  bo  the  case  it^hows  a  corresponding 
loss  of  body  Bub^lance. 

The  natnre  of  the  gnbatnuees  hero  deposited  or  lost,  whether  they  con- 
Ufit  of  proteids,  fats,  or  carbohydrates,  ia  learned  from  the  total  qjiantity  of 
nitrogen  of  tbo  excretions.  The  uorreiiponding  (piantity  of  proteids  may 
bo  cnlcntated  from  tlie  (jiitintity  of  nitrogen,  aird,  &»  tlie  average  qnuntity 
of  carbon  in  the  proteiJa  Is  known,  the  fjnantity  of  carbon  which  corre- 
sponOa  to  the  decomposed  protcids  may  be  easily  ascertained.  If  the 
quantity  of  carbon  thus  found  it)  smaller  than  the  quantity  of  tho  total 
carliou  in  the  excreta,  it  is  then  obvious  that  some  other  nitrogen-froo  sub- 
stance  has  been  consumed  beiiided  the  proteids.  If  the  quantity  of  carbon 
in  the  prot«ids  is  contiiilereil  in  round  nundwrs  an  53f£,'  then  the  relation 
between  c»ri)On  (53)  and  nitrogen  (10)  is  as  3.3  :  1.  If  we  multiply  tho 
total  quantity  of  nitrogen  eliminated  by  3.3,  the  excess  of  carbon  in  the 
elimluatious  over  the  product  found  represents  the  carbou  of  the  decom- 
posed noti-nitrngonocie  compounds.  For  instance,  in  the  case  of  a  person 
experimented  upon,  10  grms.  nitrogen  and  200  grms.  carbon  wen*  elimi- 
nated in  the  course  of  24  hucira;  then  these  U:i.5  t:rma.  proteid  correspond 
to  33  grms.  carbon,  and  the  diiference,  200  —  {3.3  X  10)  =  107,  represents 
the  quantity  of  carbou  in  the  decomposed  non-nitrogenons  compouude.  If 
we  start  from  the  eimplest  caeo,  starvation,  where  the  body  lives  at  the 
expense  of  its  own  substance,  then,  aince  the  quantity  of  carbohydrates  as 
compared  with  the  fats  of  the  body  is  extremely  small,  in  snch  cases  in  order 
to  avoid  mistakes  the  assumption  must  bo  made  that  the  per^m  ex]>cri- 
mented  upon  has  used  only  fat  and  proteids.  Aa  animal  fat  contains  on  an 
average  76.5^  carbon,  the  quantity  of  traiufonned  fat  may  be  calcnlated  by 

innUiplving  tbo  carbon  by  =— -;;  =  1.3.     lu  the  case  of  the  above  example 

the  person  cx|)erlmented  upon  would  liave  nsed  02.5  grms.  proteids  and 
167  X  l.y  —  317  grms.  fat  of  lits  own  body  in  tho  conrse  of  the  v*4  hours. 
Starting  from  the  nitrogen  balance,  we  can  calcniato  in  tho  same  way 
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wlicther  an  excess  of  carbon  in  ibo  food  as  cotnp&red  with  tlie  qii&nliljr  ot 
carbon  in  the  excreta  ia  retained  by  ihe  body  lui  proteids  or  f&t  or  as  both. 
On  the  oth<;r  hund,  with  au  excess  of  c&rbon  in  the  excreta  wo  can  calcnlQt« 
liow  much  cf  the  lutis  of  the  substance  of  the  body  is  due  to  a  coosntuplion 
of  the  proteids  or  of  fat  or  of  both. 

The  qtmatity  of  water  and  miacrid  bodies  roided  with  the  nrine  and 
fitjces  can  cosily  be  dctormiiiGii.  Tho  quantity  of  wiiter  ehminated  bv  tbe 
skin  and  luiiga  may  be  directly  [ietormiiierl  hy  meiins  of  pETTEXKOFEa's 
npparatne.  The  quaatity  of  oxygen  tulcen  np  is  calculated  as  the  difference 
between  the  weiglit  of  tbe  individual  before  the  experiment  plus  oil  the 
directly  determined  substances  taken  in,  and  tbe  final  weight  of  the  iudi* 
viduttl  plus  all  hia  excreta. 

Tbe  oxygen  may,  according  to  the  methods  given  in  the  pracadiiiK 
cliapter,  be  directly  determinod,  and  each  u  determination  with  the  simol- 
taneoua  estimation  of  the  carbon  dioxide  eliminated  is  of  great  importance 
in  tlie  study  of  metaboliHiii. 

On  coin^Kiring  the  inspired  nud  the  expired  air  we  Icaru,  on  me&BDrio|; 

them  when  dry  and  at  the  same  temjierature  and  pressure,  that  the  Tolume 

of  tlie  expired  air  is  less  than  that  of  the  inspired  air.     This  depends  upon 

the  fact  that  not  all  of  tbe  oxygen  appears  again  in  the  expired  air  at 

carbon  dioxide,  because  it  ie  not  ouly  used  in  the  oxidation  of  carbon^  bat 

also  in  part  in  tba  formation  of  water,  sulpbnric  acid,  and  other  bodies. 

The  volnme  of  expired  carbon  dioxide  is  regularly  less  than  ihe  rolumeof 

CO 
Iha  inspired  oxygen,  and  the  relation  -^*,  which  ia  called  the  respiraitirf 

quodenty  is  generally  leas  than  1. 

■  The  inngriitude  of  tho  re«ptratory  quotient  is  de}iendent  npon  the  kiad 
of  substances  destroyed  in  tho  body.  In  tbe  combastion  of  pare  carboQ 
one  roltimo  of  oxygeu  yields  one  volume  of  carbon  dioxide,  and  the  quotient 
u  therefore  equal  to  1.  Tho  same  is  true  in  the  burning  of  carlwhyd rales, 
and  in  the  exclusive  decomposition  of  carbohydrates  ia  the  animal  body  tbs 
respiratory  quotient  must  be  approximately  1.  In  exclusire  metabolism  of 
proteids  it  is  0.7*^  mid  with  tho  docompr>gition  of  fat  it  is  0.7.  In  starm- 
tion,  as  the  animal  draws  on  its  own  flesh  and  fat,  tbe  respiratory-  quotient 
must  be  a  close  approach  to  tbe  latter  figure.  Tbe  respiratory  qnoiieot 
therefore  gires  important  data  on  the  quality  of  the  material  decom- 
posed in  tbe  body,  naturally  with  the  supposition  that  tbe  eliminalioo 
of  carbon  dioxide,  independent  of  tho  formntion  of  carbon  dioxide,  is  not 
iulhienccd  liy  special  conditions,  sach  as  alternation  of  the  respirmtorj 
mechanism. 

It  is  also  ]^038ible  in  systematized  experimentation  to  carry  on  tbe 
metabolism  experiments  so  that  the  deconijviwiible  material  of  the  body,  tJ 
shown  by  tbe  respiratory  quotient,  remains  qoalitatively  the  aame,  at  leeit 
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for  a  fliiort  time.  In  such  ex]>erimeiit,s  it  liaa  been  shown,  especially  bj 
ZfXTz  and  his  jiupUs,'  that  the  extent  of  oxygen  consumption  may  Ije  taken 
as  a  meuHnru  for  tlie  action  of  dilTcront  iatlucuces  on  tbo  c-\tt;nt  nf  nieta- 
boltsm.  This  possibility  is  based  on  the  fact  proved  by  Fn.roF.R  and  bia 
pnpila,  and  by  Voir,'  that  the  consamptiou  o(  oxygen  within  wide  limits  is 
independent  of  iho  supply  of  oxygen,  and  la  excloaively  dependent  upon 
the  oxygen  demand  of  the  tissues.  For  certain  reasons  the  consumption  of 
oxygen  girei  indeed  a  better  conclnBion  than  the  elimination  of  carbon 
dioxide  aa  to  the  extent  of  exchange  of  materinl  and  energy;  bnt  as  the 
eame  qtmntity  of  oxygen  (100  grma.)  consumes  different  ^nantitiea  of  fat, 
carbohydrates,  and  proteiils  in  the  body — namely,  35,  8-1. 4,  and  74.4:  gmis. 
respectirely — the  respiratory  quotient  must  also  be  determined,  in  order  to 
ascertain  the  nature  of  the  subatance  bnrnt  in  the  body,  simnltatieoiislv  with 
the  deterniinalion  of  the  carboii  dioxide. 

As  ihc  differtni  UmAt  rt^\a\Tt  iHITcriTit  amounls  nf  nxygMi  in  llw  tmnbiisiion  of 
enclj  (ctuiii  o(  siiljstaQcu  ami  vieUl  liiffereDl  kinouulft  of  CO, .  vncIi  umin  nf  oxygen 
Iiikiii  up  un<i  i-iicli  ^niiii  tf  oiirnon  In  ll<e  expired  nlr  twcurlioii  dlnxlile  iiiuxi  nHiriijMmtl 
to  diQereut  heut-mlufii      Tbts  follows  front  tlic  folluwicig  inblo: 

Olurimi  CalorfM 

|i«'rirrni.  C  RtIhIIv*     jwr  tcn'ii         R<-liiilTfi 
lb  Itic  c;0|  uf         Valiie.        (iMiMiimisl  Vkltir. 

lb«  Ex^lmi  Aif.  Ux)'K<^ii, 

Id  ibe  coailiiistioD  of  cane-sn^ir 9.0  100  S.bO  U8.d 

mi-m 10.a  ItC  SOO  KHl.O 

fat ia.8  120  8.27  109,0 

The  llgure*  for  Ibc  oxygrn  differ,  b>  bIxivc;  seen.  \an  tlinn  (bofie  for  t1ie  carlmti.  mid 
this  is  the  reason  «by,  m  kIioto  HiAtrd,  the  oxygeo  conmimpifou  glres  a  mucU  more 
correct  (-oucliiiiioii  as  l»  Uie  cxcLnnge  uf  force  Ibuu  tbo  «litniDn[iou  of  cnibnti  iltnxblt-.* 

KArKMANN  *  encloses  the  iiidJviiliiHl  to  he  eiciieriniented  npon  in  a  capa- 
cionstin  box,  which  serres  both  as  a  respiration-chamber  and  a  calorimeter, 
and  which  ]>ermits  of  the  estimation  of  the  nitrogen  of  tlio  urine  and  tiie  car- 
bon dioxide  expired,  as  well  as  the  inspired  oxygen  and  the  quantity  of  heat 
produced.  If  we  start  from  the  theoretically  calculated  formula'  for  the 
rarioas  possible  transformations  of  the  proteidfi,  futs,  and  carbohydrates  in 
the  body,  it  is  clear  thai  other  vnlnen  iritist  be  obtained  for  tbt-  heat,  ciirbon 
dioxide,  oxygen,  and  nitrogen  of  the  urine,  wli^n  we,  for  example,  admit  of 
a  complete  combustion,  of  proteids  to  urea,  carbon  dioxide,  and  water,  or 
when  wc  admit  of  a  partial  splitting  oft  of  fat.  Another  relationship 
between  beat,  carbon  dioxide,  and  oxygen  is  also  trt  be  expected  when  the 
fat  is  completely  burnt  or  when  it  is  decomposed  into  engar,  carbon  dioxide, 
and  water.  In  tliis  way,  by  a  conijiarison  of  the  values  found  in  gpeciil 
cases  with  the  figureii  calculated  for  the  various  truusformatious,  Kaufmanit 

'  S«e  foot-iiole  4.  page  644. 

*PaQ£cr.  PtiQger'ii  Arch..  Dild.  6.  10,  ii.  H  :  Kinkier,  ibid..  Bd.  10  :  Finkler  and 
OerlmaDU.  Hid.,  Bd.  14  :  Volt.  ZellscLr.  f.  Biologic.  Bcld.  U  aoJ  14. 
» 3ei-  Ad.  Mui,'OU§-Lcvj^.  PflUgcr's  Arch,,  Bd.  (SB,  8.  7. 
*  Anb.  (L  Physlologle  (9).  Tom«  8. 
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atteiiipta  Ut  ex[)!ain  the  rarions  deconipoeition  proceasee  in  the  body  anJcr 
dilTereut  nntrUive  coiiditiona. 


I.  PotoiitiHl  Energy  and  the  Relative  Nutritive  Value 
of  VariouH  Organic  Foodstiifl'H. 

Witli  tlie  orgiitite  foods  the  organism  recoivtia  a  sapplj  of  potential 
energy  which  ia  cotiTerted  into  lirin^  force  in  the  body.  Thia  itotentJiJ 
energy  of  the  viirions  fooda  may  be  repreaentcd  by  the  amonnt  of  heat 
which  is  set  free  in  their  combustion.  This  quantity  of  heat  is  expreased 
as  calorieB,  anJ  a  Email  calorie  is  the  quantity  of  heat  necasaary  to  varm 
1  grm.  water  from  0"  to  1°  C.  A  large  calorie  is  the  quantity  of  lieal 
ueuessary  to  warm  1  kilowMer  1°  C.  Here  and  in  the  foliowiug  pages  large 
calories  are  to  be  nnderstood.  We  have  namerona  investigations  by  differ- 
ent ex]«rimeuter8,  such  as  Fbamki-and,  DANn.H\vsKr.  Riirntr,  Berthe- 
LOT,  SiuHMASS,  and  others,  on  tlie  calorilic  value  of  different  foods.  Tlie 
following  results,  which  represent  the  calorific  ralae  of  a  fev  natritive 
boilies  oit  complete  combuRtmn  outside  of  the  body  to  the  highest  oxidation 
products,  are  taken  from  Stohmann's'  latest  work. 

[Iftsrin , .  G.86 

Ovolbumln 5.74 

C'oiiglutia tS.48 

Pniiitd  (iiirenige) 5.71 

Animal  tiuuefat (».50 

Biiiler  r»l fi.SV 

CriDe-iu^r , ..*•.  8.W 

Lactose .....^     8.B5 

Dexlro«c i.ti 

SlnrcL 4.1S 

Fat  and  carbohydrates  are  completely  burnt  in  the  body,  and  we  can 
therefore  consider  tlieir  combostiou  equivalent  us  a  nieasuro  of  the  living 
force  developed  by  them  within  the  organism.  We  generally  designate  *.'.3 
and  4.1  calories  for  each  grm.  of  Eiibgtatice  aa  tho  average  for  the  physio- 
logical calorific  vnlne  of  fats  and  carbohydrates  respectively. 

The  proteids  act  differently  from  the  fata  and  carbohydrates.  They  are 
only  iuL-omjtIetcly  burnt,  and  they  yield  certain  deconipoeition  prvKlacti. 
whicli,  leiiviug  the  body  with  the  excreta,  still  represent  a  certain  qnanti^ 
of  poteJitial  energy  wliich  is  lost  to  the  body.  The  heat  of  combastioo  of 
the  protclds  is  emaller  within  the  organism  than  outside  of  it,  and  they 
must  therefore  be  specially  determined.  For  this  purpose  RrnsBR*  fed  a 
dog  on  washed  meat,  and  lie  sublracted  from  the  heat  of  combustion  of  the 
food  the  lieat  of  combustion  of  the  urine  and  fieces,  which  corresponded  U> 

'  See  Ruhiier.  Zuilscbr.  f.  Blologie.  Bd.  31.  wlii<-U  also  ciuti  tlie  works  of  Pnuiklud 
nod  DunUew»k[;  »ce  uUo  Bcrilivlot.  Cumpl.  i-ead.,  Tumes  lOS,  104.  and  110:  SlobDoaoit. 
ZeiUchr.  t.  Blologte.  Bd.  31. 

»  Zeluchr.  f.  Blologle.  Bd.  21. 
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the  food  taken  plus  the  qaaotity  of  beat  necessary  for  the  swelling  np  of 
the  proteids  and  the  eolation  of  the  area.  Bubner  has  also  tried  to  deter- 
mine the  heat  of  combustion  of  the  proteids  (muscle-proteids)  decomposed 
in  the  body  of  rabbits  in  starvation.  According  to  these  inrestigatioDS,  the 
physiological  heat  of  combastion  in  calories  for  each  gramme  of  sabstance 
is  as  follows : 

1  f;rm.  ot  the  Dry  ijubstance.  Calories. 

Proteids  from  meat 4.4 

Muscle 4.0 

Protekla  in  slarvalioa 3.8 

FhI  (average  for  various  fats)     fi.8 

Ciirboliydrates  (calculated  averogc) 4.1 

The  physiological  combnstion  valae  of  the  Tarions  foods  belonging  to 
the  same  gronp  ia  not  quite  the  same.  It  is,  for  instance,  B.97  calories  for 
a  vegetable  proteid,  congtatin,  and  4.42  calories  for  an  animal  proteid 
body,  syntonin.  According  to  Rubneb  we  may  consider  the  normal  heat 
value  per  1  grm.  of  animal  proteid  as  4.23  calories,  and  of  vegetable  proteid 
as  3.96  calories.  When  a  person  on  a  mixed  diet  takes  about  60^  of  the 
proteids  from  animal  foods  and  about  40;^  from  vegetable  foods,  we  may 
consider  the  value  of  1  grm.  of  the  proteid  of  the  food  as  about  4.1  calories. 
The  physiological  value  of  each  of  the  three  chief  gronps  of  organic  foods, 
by  their  decomposition  in  the  body,  is  in  round  numbers  as  follows: 

Calories. 

1  grm.  proteid  4.1 

I     '■      fal fl.3 

1     "      carboLydtate 4.1 

As  will  bo  shown,  the  fats  and  carbohydrates  may  decrease  the  meta- 
bolism of  proteids  in  the  body,  while,  on  the  other  band,  the  quantity  of 
proteids  in  the  body  or  in  the  food  acts  on  the  metabolism  of  fat  in  the 
body.  In  physiological  combastion  the  various  foods  may  replace  one 
another  to  a  certain  extent,  and  it  is  therefore  important  to  know  the 
ratio  of  replacement.  The  investigations  made  by  Kubner  have  taaght 
that  this,  if  it  relates  to  the  force  and  heat  production  in  the  animal 
body,  is  a  proportion  that  corresponds  with  the  figures  of  the  heat  value 
of  the  same.  This  is  apparent  from  the  following  table.  In  this  we 
find  the  weight  of  the  various  foods  equal  to  100  grms.  fat,  a  part  deter- 
mined from  experiments  on  animals  and  a  part  calculated  from  figures  of 
tbe  beat  values. 

Table  I. 
100  grms.  fat  nre  equal  to  or  isodyaamic  with  . 

From  Experiments  From  the  Difference, 

on  Aiiiniala.  Heat  Value.  per  ceni. 

Syutonlti 225  218  +  S.6 

Huscle-fieab  (dried) 243  28S  +48 

Starch 283  229  +1.8 

Ciine-sugar 284  2S.1  -0 

drape-Bugar 256  255  -0 
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From  the  given  Uodyjiamic  value  of  the  rariona  foods  it  follows  thst 
tbeso  Bnlistanres  replace  one  another  in  the  body  almost  in  exuci  ratio  to 
tlie  potential  energy  coDtained  in  them.  Thas  in  roand  numbers  '2^7 
grms.  protoid  and  carbohydrate  are  equal  to  or  isodynamic  with  100  grmt. 
fftt  in  regurd  to  source  of  energy,  because  each  yields  930  calorieti  on  com- 
bnstioTi  in  the  body. 

By  means  of  recent  very  important  calorimetric  investigations  ItroNER' 
lias  sliown  that  the  heat  iirodnced  in  an  animal  in  several  series  of  ex- 
periments extending  over  45  days  corresponded  to  within  0.474  of  tlie 
pliysiological  heat  of  combnstioQ  calculated  from  the  decomposed  body  and 
fooiU. 

AccoTiHng  tn  OitArTEAr  tlio  rnibDlivdnitfis  nnd  the  fnt,  io  working aaiimaK  do] 
repliice  une  Kiiotlit;r  FH-cnr-iinc  tn  tlie  isnPHlorlc  vnUiPS  ;  but,  as  shown  by  ZCRTS.* I 
ex)ieTiniefils  on  ibisBU'tjcct  iiro  oov  sufficiuoily  codcIusItc. 

This  inoilyiiamic  law  ie  of  fnudamental  vahie  in  the  study  of  metabolism 
and  nntrition.  Tty  this  law  it  is  possihlo  to  consider  the  processes  of  meta- 
bolism as  more  uniform.  The  fjanntity  of  energy  in  the  foods  may  be  used 
OA  a  mensure  for  the  totnl  consumption  of  energy,  and  tlie  knowledge  of  the 
quantity  of  energy  in  the  foods  mast  also  he  the  basis  for  the  calcalation  of 
dietari»  fur  human  beings  under  Tarious  conditions. 

XI.  Motabolimn  in  Sturvuttou. 

In  starvation  the  decomposition  in  the  bmly  coDtinoes  nninterraptedly, 
though  with  decreased  intensity;  hut,  as  it  takes  place  at  the  ex]>ense  of 
the  substance  of  the  body,  it  cau  only  continue  for  a  limited  time.  Whea 
an  animul  has  last  a  certain  fraction  of  the  mass  of  the  body  death  is  tlie 
rei«ult.  'Vim  fraction  raries  with  the  condition  of  the  body  iit  the  beginning 
of  the  scarratiou  period.  Vnt  unimala  succumb  when  the  weight  of  the 
body  has  sunk  to  one  half  of  the  original  weight.  Otherwise,  occordtug  to 
Chossat,'  animals  die  as  a  rule  when  the  weight  of  the  body  has  eonk  to 
two  fifths  of  the  original  weiglit.  The  period  when  death  occora  fiom 
starvation  not  only  raries  with  the  varied  nutritire  condition  at  the  begiu- 
ulng  of  starvation,  but  also  with  the  more  or  leas  active  exchange  of 
material.  This  is  more  active  in  small  and  young  animals  than  tn  tarp 
and  older  ones,  but  dtiTerent  classes  of  animals -show  an  unequal  activity. 
Children  eucctimb  in  etsri'ation  in  3-5  days  aft*r  having  lost  one  fourth  of 
their  bodily  mass.  Grown  persons,  as  observed  on  Succi,'  may  starve  for 
20  days  without  lasting  injury;  and  wo  have  reports  of  cases  of  starvation 


'  Zt'itocbr.  f.  Blologie.,  Kd.  30. 

*  Cliaiircnu,  Compt.  rend..  Tome  125  ;  Zunlz,  Dii  Bolfl-Iteymomrt  Areh.,  1896. 

*  CiU-d  from  Vole  tti  Hertiinnii'it  niindbucii.  Bd.  6.  Till.  I.  8.  100. 

*  Sec  Luclaai,  Das  Huugem.    Ilsmbitrs  u.  Lei]>zij;,  1890. 
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extending  over  a  period  ol  eveu  more  thiin  50  dajrs.  Dogs  can  lire  trithont 
food  from  4-!^  vreekf;,  birds  5-20  days,  snakes  more  than  half  a  year,  ant] 
frogs  more  than  a  year. 

la  starratioD  the  weight  of  the  body  decreaaea.  The  loss  of  weight  !a 
greatest  io  tlie  first  few  days,  and  then  decreases  rather  uniformly.  In 
small  animals  the  absolnte  loss  of  weight  per  day  is  natunUly  leas  than 
in  larger  animals.  The  relatire  loss  of  weight — that  is,  the  loss  of  weight 
of  tlie  unit  of  llie  weight  of  tlie  body,  namely,  !  kili>— is,  on  the  contrary, 
greater  in  Email  unintals  tluin  in  larger  cnea.  The  reason  for  this  is  that 
the  smaller  animals  hare  a  greater  surface  of  body  in  proportion  to  their 
mass  than  larger  animaU,  and  the  greater  loss  of  heat  canscd  thereby  mait 
be  replaced  by  a  more  active  consumption  of  material. 

It  follows  from  the  decrease  in  the  weight  of  the  body  that  the  absolute 
extent  of  metabolism  must  diminish  in  starvation.  If,  on  the  contrar}*,  we 
refer  tho  extent  of  the  metabolism  to  the  nnit  of  the  weight  of  the  body, 
namely,  1  kilo,  we  find  that  this  quantity  remains  nearly  nnchanged  dnrlng 
starvation.  Tlie  investigationa  of  Zlxtz,  Leiiji.vnn,  and  others  '  on  C'etti 
showed  on  the  -'Id  to  6th  day  of  sturvatiou  an  average  consunipiion  of  4.fi5 
c.c.  oxygen  per  kilo  in  one  minute,  and  on  the  Itth  to  11th  day  an  average  of 
4.73  c.c.  The  cidories,  iia  a  nieaRnre  of  tho  metaboliem,  fell  on  the  let  to  5th 
diiy  of  starvation  from  1850  to  IGOU  calories,  or  from  3'2. 4  to  30  per  kilo,  and 
he  remained  nearly  unchanged,  if  wo  refer  to  the  unit  of  bodily  weight.* 

As  the  metabolism  in  starvation  takes  place  at  tho  e?:penae  of  the  con- 
stituents of  the  \>oii^^  it  must  take  place  in  essentially  the  same  way  in  both 
carnivctra  and  lierbivora.  As  the  food  of  the  Jierbivora  is  ordinarily  richer 
in  carbohydrates  and  non-nitrogenons  nntritive  bodies  than  that  of  the 
caruivoru,  so  in  starvation  the  body  of  the  herbirora  becomes  relatively 
richer  in  protoids.  On  this  account  the  elimination  of  nitrogen  is  increased 
in  lierhivora  in  the  firxt  part  of  the  period  of  starvation.  In  cnruivom  the 
elimination  of  nitrogen  decreases,  as  a  rule,  immediately  at  the  heginnirg 
of  the  starvation  period,  and  in  the  later  stages  only  small  qnantities  of 
nitrogen  are  voided  by  herbivora  as  well  ns  by  carnivora. 

Tliis  tncrniisc  mny  I'f  cxiOidned  <PRAfHMTz.  Tiokh«tki>t*j  as  folIowNt  At  tlie  com- 
iiiciicciiil'dE  »f  i-taniiM'ii  tli<-  i>ri)lei<I  iii(-nilH>llMii  is  teilucml  hy  Wiv  plvcogitti  bUII 
j»re«nt  ill  llio  li..(Iy.  After  \\\v  roiioiimpttia)  of  llip  glyci'Kcn,  which  Ukra  pWi-  In  grrat 
|Hirl  during  ilii-  lifKt  tlu>>  nf  itarvB'lorj,  tbe  Juilrurtliiii  uf  |)r<(lcIdB  iiii.n-t<M'«  us  llio  piv- 
ci>j;i'n  acilort  ilL'ori'fiM^,  uuil  tUvu  ilccreoaus  a;*u]u  wlicn  Itiu  body  Iibb  laxutue  p(»urer  In 
AVKJlttblc  pioicliU, 

The  txtent  of  the  vtetabolitm  ofproteids,  or  the  elimination  of  nitrogen 

by  the  nrine,  which  is  a  measure  of  the  same,  does  not  show  in  carnivora 

any  unlfonn  decrejise  during  the  entire  period  of  starvation.     iJnring  the 

'  Bvriin.  kliii.  Wovlatisckr..  1887. 

*  See  nliii  Tlgi-nitdt  nixl  roUnlHiralors  Iti  Sbnixl.  Arc)),  f.  VUythA..  Bd.  7. 

■  PmufuUx.  ZeilKbr.  f.  BfoKiglv.  Bd.  29  ,  Tigcnlnlt  niid  colblmraton,  I.  o. 
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first  few  days  the  elimination  of  nitrogen  is  greatest,  and  the  qaantit;  of 
the  same  depends  essentially  upon  the  amoDnt  of  proteids  in  the  organism 
and  the  nature  of  the  food  previously  taken.  The  richer  the  body  is  ia 
l)roteida  from  the  food  previonsly  taken  the  greater  is  the  metabolism  of 
proteids,  or,  in  other  words,  the  elimination  of  nitrogen  is  greater  dnriDg 
the  first  days  of  starvatioa.  The  rapidity  with  which  the  elimination  of 
nitrogen  decreases  in  the  first  days  depends  also,  according  to  Voit,  opoa 
the  proteid  condition  of  the  body.  It  decreases  more  quickly — that  is,  the 
curre  of  the  decrease  is  more  sudden — the  first  days  of  starvation,  as  a  rule, 
the  richer  in  proteids  the  food  was  which  was  taken  before  starvatiou. 
Tliis  condition  is  apparent  from  the  following  table  of  data  of  three 
ditlorent  starvation  experiments  made  by  Voit  '  ou  the  same  dog.  This 
dog  received  3500  grms.  meat  daily  before  the  first  series  of  experiments, 
1500  grms.  ineat  daily  before  the  second  series,  and  a  mixed  diet  relatively 
poor  in  nitrogen  before  the  third  series. 

Table  II. 

T»—  «»  ai^^.n^^  Qramraea  of  Urea  BIlmlnAted  Id  Twentj-four  Hours. 

D»y  of  Starr&tion.  g^^  l  Ser.  II.  S«t.  III. 

1st 60.1  26.5  18.8 

2d 24.9  18.6  U5 

3d 19.1  15.7  lOa 

4tli 17.8  14.9  12.3 

Sih 1»3  14.8  12.1 

ftb 13.3  12,8  12.6 

7lli 12.3  12.9  11.3 

8lli 101  12.1  10.7 

Other  conditions,  such  as  varyinjj  quantities  of  fat  in  the  body,  have  an 
inflnence  on  the  rapidity  with  which  the  nitrogen  is  eliminated  during  the 
first  days  of  etarvation.  After  the  first  few  days  the  elimination  of 
nicrogen,  as  is  seen  in  the  above  table,  is  more  uniform,  and  as  the  starva- 
tion proceeds  it  decreases  as  a  rule  very  slowly  and  uniformly.  Cases  also 
occur  in  whicli  the  elimination  of  nitrogen  becomes  constant  in  these  stages, 
and  towards  the  end,  indeed,  the  elimination  of  nitrogen  increases.  This 
so-called  ante-mortem  increase  always  occnrs  as  soon  as  the  adipose  tissue  in 
the  body  has  sunk  to  a  certain  point,  and  it  also  depends  on  the  fact  that 
as  soon  as  the  fat  is  consumed  a  corresponding  increase  in  the  decomposition 
of  proteids  is  necessary  for  the  generation  of  heat  as  well  as  of  other  forms 
of  living  force. 

Besides  tlie  proteids,  the  fat  occurring  in  the  body  is  also  decomposed 
in  starvation.  Siuce  fat  has  a  diminishing  influence  on  the  destruction  of 
proteids  (see  further  ou),  tlie  elimination  of  nitrogen  in  starvation  is  less  in 
fat  than  in  lean  individuals.  For  instance,  only  0  grms.  of  urea  were 
voided  in  2-i  hours  during  the  later  stages  of  starvation  by  a  well-nonrished 
and  fat  person  suffering  from  disease  of  the  brain,  while  I.  Munk  found 

'  Pliy«i.il    <U*9  Sioffwcclisels,  t'lc.  iii  lU-rmnnn's  Hnndbiicli,  Bd.  6.  Till.  I,  S.  69. 
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tbat  20-39  grms.  urea  were  voided  daily  by  Cetti,"  who  had  been  poorly 
nourished. 

Like  the  destraction  of  proteids  dnring  starvation,  the  decomposition 
of  fat  proceeds  uninterruptedly,  but  does  not  show  so  great  and  rapid  a 
decrease  in  the  first  days  of  starvation  as  the  prot«idft.  Pettenkofeb  and 
VoiT  found,  for  instance,  in  a  starring  dog  the  following  losses  of  proteids 
and  fat  from  the  body  on  different  days  of  starvation: 

IhOLR    III. 

T^_  Loss  of  Lou  of 

"■*•  Flesh.       Calories.'  F&l.  Cal'iriex. 

2il 841  297.3  86  799.8 

Srh 167  H5  6  103  957.9 

8tli 138  120.1  99  920.7 

The  consumption  of  fat  on  the  second  day,  when  the  decomposition  of 
proteids  was  considerable,  was  in  fact  less  than  in  the  following  days.  The 
reason  for  this  was  that  the  animal  bad  previoasly  been  fed  with  abundant 
quantities  of  meat  (3500  grms.).  If  the  exchange  is  expressed  as  calories 
we  find  for  the  fifth  and  eighth  days  of  starvation  that  13.2^  and  11.5^ 
respectively  of  the  total  calories  were  covered  by  the  decomposition  of  pro- 
teids, and  86.8^  and  88.5^  by  the  decomposition  of  fat.  Other  observations 
on  animals  as  well  as  man  have  led  to  a  similar  result,  and  we  can  assume 
that  io  starvation  ordinarily  the  greatest  part  of  the  expenditure  is  replaced 
by  the  decomposition  of  fat,  and  only  a  email  part  by  the  decomposition  of 
proteids. 

The  investigations,  on  the  exchange  of  gaa  in  starvation  have  shown,  as 
previously  mentioned,  that  the  absolute  extent  of  the  same  is  diminished, 
but  that  when  the  consumption  of  oxygen  and  elimination  of  carbon 
dioxide  is  calculated  on  the  unit  of  weight  of  the  body,  1  kilo,  this  quantity 
quickly  sinks  to  a  minimum  and  then  remains  nnchanged,  or,  on  the  con- 
tinuation of  the  starvation,  may  actually  rise.  It  is  a  generally  known  fact 
that  the  body  temperature  of  starving  animals  remains  nearly  constant, 
without  showing  any  appreciable  decrease,  during  the  greater  part  of  the 
starvation  period.  The  temperature  of  the  animal  first  sinks  a  few  days 
before  death,  and  death  occurs  at  about  33-30°  C. 

From  what  has  been  said  abont  the  respiratory  quotient  it  follows  that  in 
starvation  it  is  about  the  same  as  with  fat  and  meat  exclusively  as  food,  i.e., 
approximately  0.7.  This  is  often  the  case,  but  it  may  occaeionally  be  lower, 
0.65-0.50,  as  observed  in  the  cases  of  Cetti  and  Succi.     As  explanation 

'L.  c. 

*  'I'he  calories  of  the  decntnposed  proleids  were  calculated  by  tbe  author,  anumfog 
that  the  fleah  contaiiiB  ZA%  oltrogeD  &s  proteids. 
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for  this  nnexpocted  1)cbRrior  we  admit  of  a  storage  of  incompletely  oxidized 
SDbstaiicoB  in  the  body  duriug  8tarvatioii. 

Water  passes  iiniDterrnptedly  from  tho  bodj  in  etart-ation  even  when 
none  is  taken.  IX  tbe  quautJty  of  water  ia  the  tisaaea  rich  in  proteidi  u 
conaidere*!  oa  TO-SO-f,  ami  tlie  qnaiitily  of  proteids  in  the  same  20*,  then 
for  each  gramme  of  destroyed  proteide  about  4  grammee  of  water  ia  set  free. 

Tlie  IfVB  of  wnter  CHtculnt«d  on  thv  rarceiiiiigc  of  ibo  total  orpinlsin  nu9t  iiktumllf 
"be  eneullnlly  dcpcudcnl  upou  lUe  prvvioiia  muuiitit  of  fnlty  tluue  io  the  boOy.  If  we 
bear  tLicsu  cutHJiiimis  in  iniuil,  llii'ii  it  kvuiiis,  iiciMjrtlitii'  icj  BOiitli;(uk,'  lliul.'frotn  tt- 
pvrlmeDi»  upon  wliiu-  itilc-c,  tlie  iitiinml  liHidy  iti  poorer lu  %viiier  diiriti;  Imiuttloa.  Tlte 
LHiily  lotic*  uiorc  wnlvr  Itiuii  ik  set  free  by  llie  ik-sliuotiuD  of  tljc  tissues. 

The  viinernl  ^uhstftncea  leave  the  body  uninterruptedly  in  sturTation 
until  deatli,  and  tho  intlnence  of  tbe  destruction  of  tissues  is  plainly  per- 
ceptible by  their  elimination.  Ijecuuao  of  tbe  doatnictiou  of  tissnee  rich  tn 
pota&titini  tlio  prnportion  between  pot&esinm  and  sodium  in  the  ttrine 
changes  in  sturrntion,  &o  that,  cootmry  to  t):o  normal  conditions,  the 
potassinm  is  eliminated  in  proportionately  greater  (|uantitteB.  MrxK  also 
observed  in  Cetti's'  cttae  u  relative  iucreage  in  the  phosphoric  acid  aod 
calcium  iu  the  nrine  during  btarration,  which  was  due  to  an  increased 
ftzobange  of  bone-sobstunce. 

Contrury  to  the  abore,  BOiitlixciK  found  in  whke  mice  diiriug  Btarrir* 
tioii  a  greater  eliminatiou  of  sodium  than  ^lotasi^ium,  Of  the  original 
quantity  43.4C:£  of  theNa.Oand  8.41^  of  the  K,0  was  used.  KATSt'YAUi* 
found  ill  rabbitB,  aa  Bohti,isgk  did  in  white  mice,  a  different  relationehip 
between  potassium  and  sodium  iu  tbe  urine  from  that  observed  by  McxK 
in  starving  hnnino  beings.  The  relationsliip  of  these  two  bases  in  tbe  Qrine 
changed  in  the  first  3-S  days,  and  iu  two  otit  of  three  erperimente  also  ia 
the  following  days,  as  compared  with  the  lirat  ttvo  days  of  starvation,  iu 
faror  of  tlte  soda  elimination. 

Tlie  qiicatiou  as  to  tho  participation  of  the  different  organs  in  tbe  loa 
of  weight  of  tbe  hoily  during  starvation  is  of  special  interest.  In  elncida- 
tionof  the  matter  we  have  given  ou  tbe  next  page  tbo  results  of  Chossat's* 
experiments  on  pigcoiia,  and  those  of  Vuix*  on  a  male  cat.  Tbe  results  are 
percentages  of  weight  lost  from  tho  original  weight  of  tlie  organ. 

SEUi.M.iii{*  has  studied  the  dimlnntiou  in  the  organs,  but  especially  ifl 
the  bones  of  cats,  in  sturTatiou.  He  found  in  acat  whicli  bad  starred  3G  diyi 
a  loss  of  about  !,■£  in  tlie  bone-subijtaia-e.  Tho  bones  in  starvation  become 
Eomuwhat  richer  in  water,  nrid  the  aniuiinl  of  dry  snbstance  also  dimioishef, 
taken  absolutely.     Tbe  loss  in  dry  substance  coDsisted  id  greatest  part, 

'  Arcii.  rl.  BcEcnc.  blol.  de  fit.  Peiersboiirg,  Tome  S. 

•Berliu,  kliu.  WottieuscliT.,  1887. 

'  Zcltaclir.  f.  pliyaiol,  Cbem..  Bd,  26. 

•  Cited  from  Vo!l  Iu  Ileimnnii'K  Eaudbuch,  Dd.  6,  TbI.  I,  S  MrikI  B7. 

■  Zeltscbr   r.  Biologic^.  Bd.  S7. 
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Tabi^  IV. 

Pigeon  (Cbosut),  Hale  Cut  (Voir). 

Adipose  tisiue IiSperceol,  97  per  cent. 

Spleen 71      "  67 

Pancreas 64      "  17 

LWer f.3      ■*  54       " 

Heart 45       "  8       " 

Intestine 43       "  18 

Muscles 42      "  81 

Testicles —  40 

Skin 88      "  21 

Kidneys 83       "  26       " 

Lungs  22      "  18 

Bones 17      '■  14 

Nervous  system 2      "  3       " 

in  fact  |-}  of  fat;  bat  the  other  constitneotB  also  take  part  tliereia,  oeseia 
with  ■^\  and  the  bone-earths  with  ■^\. 

The  total  quantity  of  blood,  as  well  as  the  quantity  of  Bolids  contained 
therein,  decreases,  as  Panum  '  has  shown,  in  the  same  proportion  a&  the 
weight  of  the  body.  The  statements  in  regard  to  the  loss  of  water  by 
different  organs  are  somewhat  contradictory;  according  to  Lukjanow'  it 
seems  that  the  varions  organs  act  somewhat  differently  in  this  respect. 

The  above- tabulated  results  cannot  serve  as  a  measure  of  the  metabolism 
in  the  various  organs  during  starvation.  For  instance,  the  nervous  system 
shows  only  a  small  loss  of  weight  as  compared  with  the  other  organs,  but 
from  this  it  must  not  be  concluded  that  the  exchange  of  material  in  this 
system  of  organs  is  least  active.  The  condition  may  be  qaite  different;  for 
one  organ  may  derive  its  nutriment  during  starvation  from  some  other 
organ  and  exist  at  its  expense.  A  positive  conclusion  cannot  be  drawn  in 
regard  to  the  activity  of  the  metabolism  in  an  organ  from  the  loss  of  weight 
of  that  organ  in  starvation. 

The  knowledge  of  metabolism  during  Starvation  is  of  the  greatest  im- 
portance in  the  study  of  nutrition,  and  it  forms  to  a  certain  extent  the 
starting-point  for  the  study  of  metabolism  under  different  physiological  and 
pathological  conditions.  To  answer  the  question  whether  the  metabolism 
of  a  person  in  a  special  case  is  abnormally  increased  or  diminished  it  is 
naturally  very  important  to  know  the  average  extent  of  metabolism  of  a 
healthy  person  under  the  same  circumstances,  for  comparison.  This  quan- 
tity can  be  called  the  abstinent  value,  that  is,  the  extent  of  metabolism 
used  in  absolute  bodily  rest  and  inactivity  of  the  intestinal  tract.  As 
measure  of  this  quantity  we  determine,  according  to  Geppert-Zuntz,  the 
extent  of  gaseous  exchange,  and  especially  the  consumption  of  oxygen,  of  a 
person  lying  down,  best  sleeping,  in  the  early  morning  and  at  least  13 
hours  after  a  light   meal  not  rich  in  carbohydrates.     The  gas  volume 

'  Panum,  VircboTC's  Arcb.,  Bd.  29 ;  Lootlon,  Arcb.  d.  scienc.  biol.  de  St.  P6tei6- 
bourg.  Tome  4. 

»  ZellBchr.  f.  pbyBloI.  Chem.,  Bd.  18. 
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reduced  to  0°  C.  and  760  nim.  Hg  pressure  is  oaIculiit«d  oq  1  kilo  ofbodj 

weight  and  for  1  iniuate.  The  results  Tarj  belween  3  aud  4.5  for  tbe 
consumption  of  oxygen,  and  between  'i.o  and  ^.5  c.c.  for  the  carboa  dioxide. 
As  Rverugo  wo  can  uccept  3.81  c.c.  oxygen  and  3. OS  c.c.  carbon  dioxide.' 

Tlie  extent  of  proteid  destrnctioii  cannot  bo  determined  in  trnnsient 
experimente,  and  for  tbeae  reasons  only  the  Tttluea  found  after  sereral  dsji 
of  starvation  are  nsefiil.  In  the  starvation  experiments  on  Cetii  and 
Sdcci  the  elimination  of  nitrogen  per  kilo  ia  the  fifth  to  the  tenth  starta- 
tion  day  waa  Q.lBO-0.302  grm.  N. 


Ill,  MetaboUsni  with  Inndoquato  Nutrition* 

The  food  may  bo  qiiaiititatively  iiisufficient,  and  the  final  result  w 
abeolnt-o  inanition.  The  food  may  also  be  qnalitatirely  insufficient  or,  u 
we  say,  inailequate.  This  occtira  when  any  of  the  necessary  nntritire  bodies 
are  absent  in  llie  food,  while  the  others  occnr  in,  sufficient  or  perhaps  evea 
ia  exceec^ive  amonnts. 

Lack  of  Water  in  tht  Food.     The  quantity  of  water  ia  the  organieiu 

is   greatest   during  fiii^t&l   lifo,  and    tbcu    decrease;^  wiih    increasing   age. 

Xaturaliy,  the  quantity  differs  in  various  organs.     The  tissue  in  the  body 

being  poorest  in  woter  la  the  enamel,  which  is  almost  free,  containing  only 

3  p.  m.  water,  the  teeth  obout  100  p.  m.,  the  fatty  lisiues  60-120  p.  m. 

The  bones,  with  M()-44[)  p.  m.,  and  the  cartilage,  with  540-740  p.  m.,  srs 

somewhat  richer  in  water,  while  the  muscles,  blood,  and  glanda,  vtLh  750  lo 

more  than  800  p.  m.,  are  still  richer.     The  quantity  of  water  is  ereo  greater 

in  the  HTiinial  lliilils  (see  jireceiling  chapter),  and  the  adult  body  contains  in 

all  about  fy'iO  p.  m.  water.'     If  we  bear  in  mind  that  two  thirds  of  the 

animal  organism  consists  of  water;  that  water  is  of  the  very  greatest  im- 

porLuuce  in  tlie  norriiul,  physical  composition  of  the  tissues;  niorcover  iLnt 

all  flow  of  juices,  all  exchange  of  substance,  all  suj)ply  of  nntrilion,  ill 

increase  or  destruction,  and  all  discharge  of  the  prodnctsoF  destrnotion,  are 

dependent  npon  the  presence  of  water;  and,  in  addition,  that  by  its  emponi- 

tioQ  it  is  an  important  regulator  of  the  temperature  of  the  body,  we  perceirs 

that  water  tnrLst  be  necessary  for  life.     If  the  loss  of  water  b«  uot  replaced 

by  fresh  supplies  soouer  or  lul^r,  the  organism  succumbs. 

According  to  LAxnAUKn'  Llic  [mrtlul  Abximcifon  of  wutt-r  ciius«s  an  iticnawJ 
metiibolism,  ilic  piirpusu  of  which  l»  to  ixplate  scune  of  the  ubslrucletl  vraier  by  wsirr 
pioiluwd  tu  a.  gretil  extent  ia  nielubcllitm. 

Lack  of  Mineral  Substancts  in  the  Food.     We  are  chiefly  indebted  to 

LiEitiu  for  showing  that  the  mineral  substances  are  just  as  necesauy  for 

■  Tlie«e  flgitres  nre  tiiken  from  v.  Xoonlen's  Lebrbucli  der  Pstb.  dea  Stoffwedtsris. 
8.  W. 

*  See  Vott  In  UcrmftDD's  HaDdbuch.  Bd.  e,  ThL  1,  B.  S48. 

>Maly's  Jsbrcstier..  Bd.  24. 
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the  normal  connposition  of  the  tisanes  and  organs,  and  for  the  normal  course 
of  the  processes  of  life,  as  the  organic  conatitnents  of  (be  body.  The  im- 
portance of  the  miucral  conatituenta  ia  evideot  from  the  fact  that  there  ia 
no  uiiioial  tissue  or  animal  fluid  which  does  not  cu)>i:i.iti  mineral  substance^ 
and  aldo  from  th»  fitct  tliat  ccrtjiiti  Lissaes  or  eleinente  of  tissues  contaio 
regularly  certain  mineral  substances  and  not  others,  which  cxptaiue  the 
niieqiial  dirialon  of  the  potassium  and  sodium  compoundsiti  the  tissues  and 
fluids.  With  tite  exception  of  the  skeletou,  which  contains  about  220 
p.  m.  mineral  botliea  (Volkmasn '),  the  animal  fluids  or  tissues  are  poor 
in  inorganic  coiiatttueuts,  and  the  quantity  of  such  amounts,  as  a  rnle,  on\f 
to  about  10  p.  m.  Of  the  total  fjitantity  of  minend  substances  in  the 
organism,  the  greatest  part  occurs  in  the  skeleton,  830  p.  m.,  and  the  next 
greatest  in  the  muscles,  about  100  p.  m.  (Volkmann). 

The  mineral  bodies  seem  to  be  partly  dissolved  in  the  fluidH  and  partly 
combined  with  organic  Bubstancos.  In  accordance  willi  tlits  the  organism 
persistently  retains,  with  food  poor  in  salu,  a  part  of  Ibe  mineral  sub- 
stances, also  Buch  as  are  soluble,  a»  the  chlorides.  On  the  burning  ol  the 
organic  sobfltauces  tlie  mineral  bodies  combined  thereTritli  are  set  free  and 
may  be  elimiuated.  It  ia  also  admitted  that  they  in  part  combine  with  Che 
new  products  of  the  combustion,  and  in  pnrt  with  organic  notritive  bodies 
poor  in  salts  or  nearly  salt-free,  which  are  absorbed  from  the  inteatioal 
canal  and  are  thus  retained  (Voit,  Forrtkr*). 

If  this  statement  be  correct,  it  is  possible  that  a  constant  supply  of 
tniueral  stibstauces  (vith  the  food  is  not  absolutely  necessary,  aud  that  the 
amount  of  inorganio  bodies  which  must  be  administered  is  iosignifioant. 
The  question  whether  this  be  so  or  not  has  not,  especially  in  man,  been 
Buflicieutly  investigated;  but  generally  wo  consider  the  need  of  mineral 
siiUitances  by  man  aa  very  sinall.  It  may,  however,  be  atutnmed  that  man 
nsually  takes  with  his  food  a  considera'de  excess  of  mineral  Bubstances. 

Kxperiments  to  determine  the  action  of  an  insnfticicnt  supply  of  mineral 
substances  with  the  food  in  animals  have  been  made  by  serernl  in  Test!  gators, 
especially  Korster.  lie  obserTed,  on  experimenting  with  dogs  and  pigeons 
with  food  as  poor  as  possible  in  mineral  substtinces,  a  very  suggestive  dis- 
inrbanoe  of  the  functions  of  ibe  organs,  particularly  the  mnscles  and  the 
nerrons  system,  and  death  rcRulted  in  a  Abort  time,  earlier  in  fact  than  in 
complete  starvation.  In  opposition  to  these  obeervatioua  IU'KGe  has  sug- 
gested that  the  early  death  in  these  cases  was  not  caused  by  the  lock  of 
minora!  salts,  bnt  more  likely  by  the  lack  of  bases  necessary  to  nontralize 
the  sulpburic  acid  formed  in  the  combustion  of  the  proteids  in  the  organism, 

'  Sec  Voit  In  HennaniVt  Ilaii.lbw  h.  Bd.  6.  Tlil.  1.  B.  853. 

*  Fonter.  Zi-iifclir.  f.  Blolo^^le.  Bd.  9.    6«e  hIm  Voit  iu  llenDSDu's  HRndbucb,  Bd 

8,  Till.  1,  s.  au. 
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which  must  then  be  taken  from  the  tiseaes.  In  accordance  with  tliis  view, 
Ul'Kof:  and  Lcsix'  also  fouad,  iu  experimenting  irjth  mice,  that  auinimU 
which  received  nearly  ush-fret>  food  witli  tlie  additioa  of  sodium  carboualfl 
were  kept  alire  twice  as  long  u  thoae  which  had  the  same  food  without 
the  tiodiuni  carbonate.  Sj>eDia,I  experimetiU  also  fihow  that  the  carbonate 
cannot  be  roplaced  by  an  eqniralent  amonnt  of  sodium  chloride,  and  thut 
to  all  appearances  It  acta  by  combining  with  the  acids  formed  in  the  twdy. 
The  addition  of  alkali  carbonate  to  the  otherwise  nearly  ash-free  food  mav 
indeed  delay  death,  bnt  cannot  prevent  It,  and  even  iu  the  presence  of 
the  uecesftary  amonat  of  bases  death  reanlts  for  lack  of  mineral  substaoctt 
in  the  food. 

Iti  tlie  above  series  of  experinienta  made  by  Brxr.n  tho  food  of  the 
animal  consisted  cf  casein,  milk-fat,  and  cane-sngar.  While  milk  alone 
was  an  adciuate  and  siifticient  food  for  the  animal,  BiNiiE  found  that  the 
animal  could  not  be  kept  alive  lon;»6r  by  food  consisting  of  the  above  cou- 
Btituentfl  of  milk  and  caa&-6Qgar  with  the  addition  of  all  the  mineral 
Bubatances  of  milk,  titun  witli  the  food  mentioned  in  the  above  experimenta 
with  the  ailditiuti  of  alkali  carbonate.  Tlie  rgnestion  whether  this  revnlt  u 
to  be  explained  by  the  fact  that  the  mineral  bodies  of  milk  are  chemically 
combined  with  the  organic:  constitnonts  of  the  same  and  can  be  as&imilated 
only  in  such  combinations,  or  whether  it  depends  on  other  conditions, 
BuNOG  leaves  nndeclded.  These  ohserrations,  however,  show  how  diflieoh 
it  ia  to  draw  positive  conclosions  from  experiments  made  thus  far  with  food 
poor  in  salts.     Further  iuveatigatious  on  this  subject  seom  to  be  Decessair. 

With  an  insut^cient  supply  of  chhrides  with  the  food  the  elimination 
of  chlorino  by  tho  nrine  decreases  constantly,  and  at  last  it  may  stop 
entirely,  wfiile  the  tissues  stilli  perdidteutly  retain  tiie  cliloridee.  These  last 
are,  at  least  in  part,  coitibined  in  the  body  with  the  organic  aabstanoM 
which  retain  thorn.  If  there  be  a  lack  of  sodinm  as  compared  with  potas* 
sium,  or  if  there  be  an  excess  of  potassium  compounds  in  any  other  form 
than  KOI,  the  pot^issiam  combinations  ore  replaced  in  the  orgauism  by 
NaCl,  so  that  now  potassium  and  Bodinm  compontids  are  produced  whicli 
are  voided  with  the  urine.  The  organism  becomes  poorer  in  NaCl,  whioh 
therefore  must  be  taken  in  greater  amoTinta  from  the  ontaide  (BtTNOe). 
This  occurs  habiiiinlly  In  lierbivcira,  and  iu  niiin  with  vegetable  food  rich  io 
potash.  For  hnman  beiugs^  and  especially  for  the  poorer  clasaes  of  [>eople 
who  live  cliielly  on  potatoes  aud  foods  rich  in  potash,  common  salt  ii. 
under  these  circumstances,  not  only  a  condiment,  but  a  necessary  additioa 
to  the  food  (Ul-noe'). 
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■  iJiiDge,  Ijelirbucb  der  pbjaiol.  Cbem.,  4.  Aufl.,  S.  07 ;  LuuUi.  Zeftachr.  r.  pbyiU, 
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Lack  of  Alkali  Carbonatts  or  Bases  in  th«  Food.  The  chemical 
proceeaes  hi  the  organism  are  depeiulenc  tipoa  the  presence  of  alkalino- 
reuctiag  tisaiie-llnuls,  wliose  alkaline  reuctlon  is  tlue  to  ulkuli  carbonateB. 
The  alkali  carbonales  are  also  of  great  importance  not  only  as  a  solvent  for 
certain  proteid  bodies  and  as  coDsticuents  of  certain  secretions,  aiich  a«  the 
pancreatic  and  iutestiiml  juices,  but  tliey  are  also  a  nicjius  of  traiisportation 
of  the  carlmii  dioxide  in  the  blood.  It  is  therefore  easy  to  tiiiderstaud  that 
a  decrease  below  n  certain  poind  in  the  quantity  of  alkali  carbonate  must 
endanger  life.  Such  a  dccreuse  not  only  occurs  with  lack  of  bases  in  the 
foo<l  which  accelerates  death  by  a  relatively  great  production  of  acids  throagh 
the  burning  of  tho  proteids,  bnt  it  aleo  occurs  when  an  animal  is  given 
dilute  mineral  acids  for  a  period,  lu  herbirora  the  tixod  alkalies  of  the 
tisfities  combiao  with  the  mineral  acids,  and  the  aotmal  enccumbB  in  a  short 
timn.  In  caruivora  (and  in  miin)  the  bases  of  tlie  tit^siiea  are  obstinately 
retained;  the  mineral  acida  unite  with  the  ammonia  produced  by  the 
decomposition  of  the  proteids  or  their  cleavage  products,  and  caruivora  can 
therefore  be  kept  alive  for  a  longor  time. 

Lack  of  EnHhy  Pfto.t/ihatfs.  With  the  exception  of  the  importance  of 
the  alkaline  earths  as  carbonates  and  more  especially  as  phosphates  in  the 
physical  composition  of  certain  structures,  such  as  the  bones  and  teeth, 
their  physiological  ini]>ortance  is  nearly  unknown.  The  occurrence  of 
earthy  jihosphates  in  all  protelda,  and  the  great  importance  of  the  earthy 
phosphates  in  the  pastisgeof  the  proteids  from  a  soluble  to  a  coagulabie  and 
Bolid  state,  make  it  probable  tlint  the  eartliy  phosphates  play  an  important 
part  in  the  organization  of  the  proteids.  The  action  which  an  insufficient 
■apply  of  alkali-earths  witli  tho  food  causes  is  connected  with  the  interest* 
ing  ipiestioii  a.4  to  the  effect  of  this  lack  npou  tho  bony  structure.  'I'his 
action,  as  well  as  the  yartons  results  obtained  by  experiments  on  young  and 
old  animals,  has  alreaily  been  spoken  of  in  Cliujiler  X,  to  which  wo  refer 
the  render. 

Laek  of  Iron,  Ajs  iron  is  an  integral  constituent  of  hwmoglohin,  abeo- 
Inteiy  necessary  for  the  iutroductton  of  oxygen,  just  so  is  it  an  indispensable 
constituent  of  the  food.  In  iron  starviitiou  Iron  is  continually  eliminated, 
even  though  in  diminished  amounts;  and  with  an  insufficient  supply  of  iron 
with  tlie  food  the  formation  of  hfemoglobin  decreases.  The  formation  of 
hEemoglobin  is  not  oit1}'  enhanced  by  tlie  supply  of  organically  combined 
iron,  bat  also,  ixccordlug  to  the  general  view,  by  inorganic  iron  prepjirations. 
Tho  various  divergent  statements  on  this  question  have  already  been  given 
in  a  previous  cliaptcr  (on  tho  lUofMl), 

In  the  alwonce  of  protein  hodUs  in  the  food  tho  organism  must  nourish 
itself  by  its  own  protein  substances,  and  with  such  nutrition  it  must  earlier 
or  later  snccumb.  \\y  the  exclusive  administration  of  fat  and  carliohydrates 
the  oonsnniptioii  of  proteids  in  these  cases  is  very  considerably  rednced. 
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According  to  the  doctrine  of  C.  Voir,  which  has  been  defended  by  recent 
iiueitigationa  of  K.  \'oit  iind  Korki-noff,'  the  proteid  metabolism  \i 
never  no  alight  nnder  these  conditiotia  a*;  iii  starnition.  According^  to  HTenl 
inrestigators,  such  oa  HiiisrnFEi-t),  Kdmaoawa,  Klempeher,  Mrxs, 
RuseKBBTM,'aii<l  othei-fi,  Clieprotelil  tnetabolifim  iniiy  indeed,  vithexclasiveir 
frit  and  carbohydrate  diet,  be  emaller  than  in  complete  starration.  In 
conformity  with  thi^  the  animal  may  be  kept  alive  longer  bj  food  contaia- 
irig  0[ily  iion-tiitropenonB  bodies  than  in  coinpieto  atariration. 

The  absence  otfafs  and  carbohydrutes  in  the  food  affect  carnirora  atxl 
herbirora  Boniewbnt  differently.  It  is  not  known  irliether  carnirora  can  be 
kept  alive  for  any  length  of  time  by  fooil  entirely  free  from  fat  and  carbo- 
hydrate:^,  Httc  it  has  been  positively  demonstrates!  that  tliej  can  be  kept 
alive  a  long  time  by  feeding  exclusively  with  meat  freed  as  mach  aa  poaaible 
from  visiblf)  fat  (Pn,OtiEu').  Tinman  beings  and  herhivora,  on  the  con- 
trary, cannot  lire  for  any  length  of  time  on  such  fooil.  On  one  aide  they 
lose  the  property  of  digesting  and  assimilating  the  necessarily  large  amonnU 
of  nicut,  and  on  the  other  a  distmCe  lor  large  qanntities  of  meat  or  proteids 
soon  appears. 

lY.  Metabolism  witli  Various  Foods. 

For  the  carnivorn,  as  above  stated,  meat  as  poor  as  possible  in  fat  may 
be  a  complete  and  snttlcient  food.  As  the  proteids  moreover  taka  a  special 
place  among  tlie  organic  nntritive  bod'es  by  the  fjunntity  of  nitrogen  they 
contain,  it  ia  proji'pr  that  we  Unit  describe  the  metabolism  withanexclnsireiv 
meat  diet. 

HetaboUsm  Tith  food  rich  in  proteids,  or  feeding  only  with  meat  as  poor 
in  fiit  as  piissibli.'. 

By  an  increased  snpply  of  proteids  their  catalwlixation  and  the  ehml- 
oation  of  nitrogen  is  increased,  and  this  in  proportion  to  the  sappLy  of 
proteids. 

It  a  certain  qnantitj  of  meat  has  been  given  as  food  daily  to  caniivora 
and  the  qnantity  is  eaddenly  increaseil,  an  increased  catabolism  of  proteids 
or  aii  incruaae  in  the  qnantity  of  nitrogen  eliminated,  is  the  reenlt.  If  we 
feed  the  animal  daily  for  a  certain  time  with  larger  qnantitiee  of  the  same 
meat,  wo  tind  that  a  part  of  the  proteids  accnmulates  in  the  body,  bat  thii 
part  decreases  from  day  to  day,  while  there  is  a  corresponding  daily  iDcreaas 
ID  the  elimination  of  nitrogen.  In  this  way  a  nitrogenous  eqailibriom  is 
established,  that  is,  the  total  qnantity  of  nitrogen  eliminated  is  equal  to  the 

'  Zeilsrltr  f.  Biologle.  Bd-  82. 

*Hiravlirelil.  Vircljow's  Aicli.,  B«).  lU;  KuctiK.'awa,  ittid.,  Dd.  116;  Elempviei. 
Zclurhr-  f.  klin.  Meil  ,  Rd.  Itt ;  Miink.  1)ii  Bitis  Keymond's  Arch.,  IBOl  aod  1896, 
RuMuljeliri.  ih'd..  1891.  Aud  PdQgcr'a  Arcti..  Bd.  M. 
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qnbntitv^  of  nitrogen  id  the  absorbed  proteida  or  meat.  If,  on  the  contrarj, 
an  aDtiiial  wnich  is  in  nitrogeDotia  eqiiilibrium,  having  been  fed  on  large 
qoantitles  of  meat,  is  aaddeaty  fed  with  a  auiall  quantity  of  meat  per  day, 
theu  the  anicuHl  gives  up  its  ova  bodily  proteids,  tbe  amount  decreaucg 
from  day  to  day.  Tiie  eliiiiinatiou  of  nitrogen  and  tlie  catabolism  of 
proteids  decreat:e  constantly,  ami  tbe  auiuial  nmy  iii  this  ct)»e  also  pass  into 
nitrogenous  equilibrinni,  or  nearly  into  this  condition.  These  relations  are 
illastraled  by  the  following  table  (Voix'): 


Table  V. 

OrmH.  of  Ueat  In  Eti«  Food  prr  Dcj. 


t 
1932 
1153 


BrfoTw  Iba  TmI, 

500 

1500 

Qmui.  of  FIvah  metabo[Ji(><]  iit  Bod;  (Mr  bay. 


DurliiK  the  Tert. 
IMO 
1000 


T 

ISIO 

1061) 


1390 
1068 


1410 

loeo 


1500 


I  In  the  first  case  (1)  the  raetaboliBm  of  Qesh  before  the  beginning  of  the 

I  actual  eiperimcDt  on  feeding  with  500  grms.  meat  wae  447  grms.,  and  it 
I  increased  couaiderabiy  on  the  first  day  of  the  experiment,  after  feeding  with 
I  1500  grms.  ment.  In  the  second  case  (*2),  in  wliich  the  animal  was  pre- 
viously in  nitrogonoua  equilibrium  with  1500  grma.  meat,  the  metabolism 
of  fiesh  on  the  fir8t  day  of  the  experiment,  with  only  1000  gnna.  meat, 
decreased  considerably,  and  on  the  fifth  day  a  nearly  nitrogenous  equilib- 
rium was  obtained.  During  lliis  time  the  animal  gave  up  daily  some  of 
its  own  proteids.  Fletween  that  point  below  which  the  animal  losea  from 
its  own  weight  and  the  maximum,  which  seems  to  be  dependent  npon  the 
digestive  and  aosiniilutive  cajmcity  of  the  intestinal  canal,  a  carnivore  may 
be  kept  in  nitrogenous  eqnilibrinm  wilh  varjiog  quantities  of  proteids  in 
the  food. 

The  supply  of  proteids,  as  well  as  the  pruteid  condition  of  tlie  body, 
affects  the  extent  of  the  proteid  metabolism.  A  body  wliich  has  become 
rich  in  proteids  by  a  previous  abundant  meat  diet  must,  to  prevent  a  toss 
of  proteids,  take  np  more  prot«id  with  the  food  than  a  body  poor  in 
proteids. 

rnTEXROPRR  and  Voit  hare  made  investigations  on  the  meiahoHtm 
of  fat  with  an  exclusively  proteid  diet.  These  investigations  have  shown 
that  bv  increaeiog  the  quantity  of  proteids  in  the  food  the  daily  meta- 
bolism of  fat  decreases,  and  they  have  drawn  the  conclusion  from 
these  experiments,  as  detailed  in  C'liapter  X,  that  even  a  formation  of  fat 
may  take  place  onder  these  circumstances.     The  objections  presented  by 


1  Hermann's  Handbucli,  Bd.  8.  Thl.  1.  S.  IIO. 
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FplCokr  to  the«e  experiments,  aa  well  as  the  proofs  of  the  formation  of  fat 
froni  proteiflt^,  ure  hUo  glreii  in  the  above- men tioneil  chapter. 

According  to  I'l'i.i'oEK's  tloctrine  the  proteiil  can  influence  the  forma- 
tion of  fat  ouly  in  an  indirect  war,  nnmeljr,  in  that  it  is  conenmed  instead 
of  the  non-nitrogenous  bodie:^  and  hence  the  fat  and  fat-fonning  curbo- 
hydrates  are  spared.  If  BnfUciotit  proteid  is  introduced  into  the  food  to 
satisfj  the  total  nntntive  reqairements,  then  the  decomposition  of  fiU 
atopB;  and  if  nou- nitrogenous  food  ia  ttikeii  at  the  same  time,  this  u  not 
cODsamed,  hut  is  etored  ti{i  la  the  animal  body,  the  fata  as  each,  and  lh« 
carbohydrates  at  least  in  great  part  as  fat. 

VFLCfiER  doliiieii  the  "  iicitritire  requirement "''  as  the  smalleBt  qaantitj 
of  luun  tnuat  wliich  produces  nitrogenuiid  eqiiililirintn  withont  caoaiog  aoj 
decomposition  of  fat  or  carbohydratos.  At  reijt  and  at  an  average  tempera- 
tnre  it  is  fonud  for  dogs  to  be  '^.073  to  2.099  gnus,  aitrogen  '  (in  meat  fed) 
per  kilo  of  flesh  weight  (not  bodily  weight,  ag  the  fat,  which  often  forms  a 
considerable  fraction  of  the  weight  of  the  body,  cannot  as  it  were  he  need 
as  dead  meosnre).  Even  when  the  supply  of  proteid  is  in  excess  of  the 
natritive  re'inirement^,  PFi.i'tiEH  has  found  that  the  proteid  metabohBin 
increases  with  au  iucreiised  Kiipply  until  tha  limit  of  digentive  power  is 
reached,  which  limit  is  aboat  '2000  grms.  meat  with  a  d^  weighing  30 
kilos.  In  these  cipcrimcnts  of  PpLCuEit'cj  alt  of  the  excess  of  proteid 
introduced  Wiw  not  completely  decomposed,  hut  n  part  was  retained  by  the 
hody.  pFLUGEK  therefore  defends  the  proposition  "  that  a  supply  of 
proteids  only,  without  fat  or  carbohydrate,  does  not  exclnde  a  proteid 
fattening." 

From  what  ha^  been  said  on  proteid  metabolism  in  starratioa  and  with 
exctusire  proteid  food  it  follows  that  the  proteid  catabolism  in  the  animal 
body  never  stops,  that  the  extent  is  dependent  in  the  llrst  place  upon  the 
extent  of  proteid  supply,  and  that  the  animal  body  haa  the  properly,  within 
wide  limits,  of  accommodating  the  proteid  catabolism  to  the  proteid  snpply. 

These  and  certain  other  poculiarj^ics  of  proteid  catabolism  have  led 
VoiT  to  the  view  that  all  proteids  in  the  body  are  not  decomposed  with  th* 
same  ease.  Voir  diiferontlates  the  proteids  lixed  in  the  tiune-elcmeuta. 
so-called  organized  proteids,  iissue-proteids,  from  those  proteids  which 
circulate  with  the  flnidti  in  the  lioily  and  lt£  tissuo^  and  which  are  taken  ap 
by  the  liring  cells  of  the  tissues  from  the  interstitial  floids  wanhing  them 
and  destroyed.  TJiese  circnlatinf}  proteids  are,  according  to  Voit,  mon 
eanily  and  qaickly  destroyed  than  the  lissae-proteids.  When,  therefore,  in 
a  fasting  anlmd  which  hot  been  previonsty  fed  with  meat  an  abundant  and 
quickly  decreasing  decomposition  of  proteids  takea  place,  while  in  ths 
farther  course  of  starvation  this  proteid  catabolism  becomes  leaa  and  mon 


•  Bee  Bcl)5D<loriI,  Pflflger'i  Arch.,  Bd.  71. 
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uniform,  this  (depends  upon  Uie  fact  that  the  snpply  of  circnUtlng  proteiila 
is  destroyed  chiefly  in  the  first  daya  of  starratioa  and  the  tissae-proteids  ia 
the  last  days. 

The  tissue-elements  constitute  an  apparatus  of  a  rolatirely  stable  nature, 
irhich  hare  the  power  of  taking  proteids  from  the  fluids  washing  the  tiasnes 
and  appropnaciiig  them,  wliile  their  own  proteids,  the  tissue- protetds,  are 
ordinarily  catabolized  to  only  a  small  extent,  about  Ijt  daily  (Voit).  By 
an  increased  supply  of  proteids  the  activity  of  the  cells  and  their  ability  to 
decompose  cutritire  proteids  is  also  iucreased  to  a  certaiu  degree.  When 
nitrogenouB  equilibriitm  is  obtained  after  increased  supply  of  proteids,  it 
denotes  that  the  decomposing  power  of  the  cells  for  proteida  has  increased 
so  that  the  same  quantity  of  proteida  is  metabolized  as  is  supplied  to  the 
body.  Xi  the  proteid  metalwlism  is  decreased  by  the  simultaneous  adminis- 
tration of  other  uon-nitrogenous  foods  (see  below),  a  part  of  the  circulating 
proteids  may  have  time  to  become  fixed  and  organized  by  the  tisanes,  and 
ID  this  way  the  mass  of  the  fle«h  of  the  body  increases.  During  starvation 
or  with  lack  of  protoids  in  tlie  food  the  reverse  takes  place,  for  a  part  of 
the  tisane  proteids  is  converted  into  circulating  proteids  which  are  meta- 
bolized, and  in  this  case  the  flesh  of  the  body  decreases. 

Voit's  theory  has  been  severely  criticiseil  by  PflCorr.  PflCcer's 
statement,  based  on  an  investigation  made  by  one  of  his  pupils,  Sch5k- 
DOBVF,'  is  that  the  extent  of  proteid  deatrnction  is  not  dependent  npon 
the  r|uaiitity  of  circulating  proteids,  but  upon  the  nutritive  condition  of 
the  cells  for  the  time  being — a  view  which  is  not  very  contradictory  of 
Voit  if  the  acthok  does  not  mieuuderstand  PflCoeb.  Voit'  has,  as  is 
known,  stated  that  the  conditions  for  the  destniction  of  sn^wtunccs  in 
the  body  exist  in  the  cells,  and  also  that  the  circulating  proteid,  likewise 
according  to  Voir,  ia  first  catabolized  otter  baring  been  taken  up  by 
the  cells  from  the  fiuids  washing  them.  The  point  of  Voit's  theory 
is  that  all  proteids  are  not  destroyed  in  the  body  witli  the  same  d^roe 
of  readiness.  The  organized  proteid,  which  ia  fixed  by  the  cells  and 
has  become  a  part  of  the  same,  is  itustroyed  le«ti  reutlily,  according  W  ViUT, 
than  the  proteid  taken  tip  by  the  cells  from  the  nutritive  fluid,  which  serves 
as  material  for  the  chemical  construction  of  the  very  mnch  more  compli- 
oated  organized  proteids.  This  nntritive  proteid,  which  circulates  with 
the  fluids  before  it  is  taken  up  by  the  cells,  and  which  cjui  exi^t  in 
store  in  the  cells  as  well  as  in  the  fluids,  agreeably  to  Voir's  view,  hna 
been  called  circulating  proteid  or  supply  proteid  by  him.  It  is  clear  that 
these  namea  may  lead  to  misunderstanding,  and  therefore  too  much  Atress 
ihoold  not  be  pat  on  them.     The  most  essential  part  of  Voit*s  theory  is 


'  PflUgcr.  Paopcfi  Art-h..  IJd.  M;  ScbOodorff.  ibid..  B»l.  M. 
*  Zdtscbr.  f.  BioWgk,  Bd.  11. 
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the  snppoeition  that  the  food  protcid  of  tha  cells  is  more  euilj  desLrojed 
than  the  or^nized,  real  protoplasmic  proteid,  and  this  assertion  can 
hardly,  for  the  present,  be  conaidered  as  refuted  or  exactly  proved. 

This  qnestion  is  intimatelv  conDected  with  another,  namely,  whether 
the  food  proteids  taken  np  by  the  cells  are  metabolizod  as  snch  or  whether 
tbey  are  first  organized.  The  inrestigatious  of  I'a.nl'31  and  Ka-Lck  '  on  the 
transitory  progress  of  the  elimination  of  urea  after  a  meal  rich  in  proteid* 
throws  light  on  this  qnestion.  From  eiparimenls  upon  a  dog  it  via 
found  that  the  ellmiuation  of  nrea  iQcreases  almost  immediately  after  a 
meal  rich  in  proteids,  and  that  it  reaches  its  Tniiximnm  in  abont  six  boon, 
when  about  one  half  of  the  <|nantity  of  nitrogen  corro8|>onding  to  the 
administered  proteids  is  eliminated.  If  we  also  recollect  that,  according  to 
sn  experimetit  of  ScnMiDT-MOtHEiM'  upon  a  dog,  about  37<  of  the  giTeo 
proteids  are  ah^Ktrhed  in  the  tirsb  two  honrs  after  the  meal  and  about  b^f  io 
the  course  of  the  first  six  hours,  we  may  then  infer  that  tha  iucreftsed 
elimination  of  nitrogen  after  a  meal  is  due  to  a  catabolizatlon  of  the 
digested  and  asaimitated  proteids  of  the  food  not  previously  organized.  It 
we  admit  timt  the  catabolized  proteid  mast  have  baen  organized,  then  the 
greatly  increased  ehmiuatiou  of  nitrogen  after  a  meal  rich  in  proteids  sap> 
poses  a  far  more  rapid  and  compreheusive  destruction  and  recouslr action  of 
the  tissues  tli&n  hiu  been  generally  aHBuined. 

In  this  connection  we  must  recall  that,  according  to  the  very  iDterwtiog 
investigations  of  Kxazantscff,  after  jMirtaking  of  food  an  increased  nitro- 
gen elimination  depemla  in  part  it]ion  the  increased  work  uf  the  digestive 
glands.  This  follows  from  the  consitlerably  increased  nitrogen  eIitnin*tioa 
after  B0*called  *' apparent  feeding"  (see  Chapter  IX),  hat  has  also  beeo 
confirmed  by  Kiazax'Tzeff  *  in  other  ways.  In  close  connection  with 
this  stand  the  ohftervatlons  of  Nexcki  and  Zaleski'  on  the  free  fonu* 
tion  of  ammonia  in  the  colls  of  the  digestive  apparatus  duriog  the  digestion 
of  food  rich  in  proteids. 

It  has  been  stated  above  that  other  foods  may  decrease  the  cataboHsm 
of  proteids.  Cfelatin  is  such  a  food.  Qetatim^wA.  the  petntiti-formtra  do 
not  seem  to  he  converted  into  proteid  in  the  body,  and  this  last  cannot  b« 
entirely  replaced  by  gelatin  in  the  food.  For  example,  if  a  dog  is  fed  oo 
gelatin  and  fat,  ita  body  sustains  a  Loss  of  proteids  even  when  the  qaantitj 
of  gelatin  is  ao  large  that  the  animal,  with  an  amcnnt  of  fat  and  me&t  coa* 


'  Ponum,  Norcl.  Med.  Arktv.,  Bd,  0  ;  Paick,  nee  Hermiiun's  Hanilbucli,  Bd.  fl,  Til.  1, 
8.  107.  Forfunber  guiemeuts  in  rrgnnl  to  th>e  curve  of  nitrogen  eUmJiuilfoci  In  us 
•ce  Tsclieuioff,  Kort'esi^nod.  Blnll  Sdiwelz.  Aeizle.  I&tf'i  Rosemanii,  PQUgtr'a  Atcb- 
Bd.  35.  and  Veragulli,  Joura.  of.  Physiol.,  Vol.  21. 

*  Du  BoU-Rcyinotid'!!  Arch  ,  1870. 

■  Areb.  d«a  iclenc.  biol.  de  Si.  P£iersbour|r,  Tome  4,  p.  806. 

*  8«e  foot-uote  8,  page  471. 
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taioing  jast  the  sAine  qnantit;  of  nitrogen  as  the  gelatin  in  qDefltion^  may 
remain  in  uitrogenoud  eriuilibriinn.  On  the  other  hand,  gelatin,  as  Vuit, 
Pakum  and  Oerch  '  have  shown,  has  a  great  vahie  as  a  means  of  sparing 
tbd  proteids,  and  it  may  decreaae  the  cataholism  of  proteids  to  a  still 
gTMter  extent  than  fats  and  carhohydatcs.  This  ia  apparent  from  the 
foHoviog  Bommary  of  Voit's  experiments  upon  a  dog: 

I  Tabls  Vt. 

I  riKMlp«rD«7.  FlMli. 


i 


400 
400 
400 


CjUaholltMl.  On  Ou  Body, 
4->»  -  50 

439  -89 

2M  -(-44 


I.  MuNK  *  lias  lately  arrived  at  similar  resnlts  by  means  of  more  decisire 
oxperiments.  He  fonud  in  dogs  that  on  a  mixed  diet  which  eoutaitied  3.7 
grins,  proteid  per  kilo  of  hody,  of  which  hardly  3.G  gnne.  tras  catabolized, 
nearly  |  conld  be  replaeed  by  gelatin.  The  game  dog  cataholized  on  the 
second  day  of  sttirviitioti  three  tiineit  as  uiucL  jirotuid  as  witli  the  gelatin 
feeding.  Mu.vk  states  also  that  gelatin  has  a  mnch  greater  sparing  action 
on  proteids  than  the  fats  or  the  carbohydrates. 

This  ability  of  gelatin  to  spare  the  proteids  is  explained  by  Voit  by  the 
fact  thtLt  the  gelatin  is  decomposed  instead  of  a  part  of  the  circolating 
proteids^  whereby  a  part  of  this  laet  may  be  organized. 

Gelatin  iiiity  11I90  decrease  somewhat  the  consumption  of  fat,  although 
it  is  of  less  vidiie  in  this  respect  than  the  oarholiydrates. 

The  question  of  the  nntritive  value  ot  peptotieg  stands  in  close  relation- 
ship to  the  nutritive  value  of  tlie  proteids  and  gelatin.  The  early  investiga- 
tions made  by  Mai.y,  Pi-os'z  and  (iYkk«yav,  and  Adamkikwioz  have  led  to 
the  conclusion  that  with  food  irhich  contains  no  proteids  besides  peptones 
(albamoeee)  an  animal  may  not  only  preserre  its  nitrogenons  equilibriom, 
bat  its  proteid  condition  may  even  increase.  According  to  recent  and  more 
«zact  investigations  by  Pullitzer,  Zuntz,  and  .Munk  the  albumoses  have 
the  same  nutritive  value  as  proteids,  at  least  in  short  e.Tperiments.  Accord- 
itig  to  Poi.i.[T7.i-:u  tEiin  is  trne  for  tiiCTerent  uUinmoBea  0.4  well  as  for  true 
peptone;  but  this  does  not  correspond  with  the  experience  of  Ei.LtxnKR,' 
who  finds  that  the  trne  antipeptona  (gland  peptone)  is  not  able  to 
«ntirely  replace  proteirls  or  to  prevent  the  loss  of  proteid  in  the  animal 
body.     On  the  contrary,  according  to  him,  it  has,  like  gelatin,  the  property 

'  Toll.  1.  c.  8.  1S3 ;  PftouTu  bd<1  Ocrum,  Nord,  Med.  Arklv..  Bd.  11. 

»PflOger'n  Arcb  .  ]l.i,  SS, 
-  'Maly.  PflQffCfs  .\rch..  Bd.  0:  PIos*!  and  GyeTfyay.  aid..  Bd.  lO;  Adamklewlcx, 
*>I>ie  Mstur  und  tier  NShrwerlli  ilt»  Pcplons "  (Berlin.  1877);  PullilziT.  POUger's 
AfOt..  Bd.  87,  S.  801 ;  Zimtit  i&id-.  B.I.  87.  H.  318 ;  Miiuk.  Ceutrtilbl.  f  <]  med.  Wis- 
uriiwb..  1889,  S.  20,  utiil  Di>ui&i>b.  mcd.  WuclieuMhr.,  188S  :  Klliager,  Zi'ilBcbr.  f. 
Bialogie.  Bd.  83. 
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of  sparing  proteidB.  Voit'  long  ago  expressed  a  similar  riew.  According 
to  hini  the  albninobes  and  peptone  muy  indeed  replace  the  proteida  for  a 
short  time,  bnC  not  permonontil; j  they  can  spare  the  proteids,  bnt  not  be 
oonrerted  into  proteida. 

From  experiments  made  br  Wi^ihke  and  others  on  herbirora  it  appears 
that  aspnrngin  may  sparo  proteid  in  soch  animals.  In  caruirora  (L  Mcnk) 
and  in  mice  (Voit  and  Politis)  it  was  foatid  that  aspamgin  has  only  a 
very  slight,  if  any,  sparing  action  on  the  proteids.  It  is  not  known  how  it 
acts  in  man.  According  to  Kellneh'  the  sparing  action  of  aaparagin  is 
only  of  an  indirect  kind,  becanse  it  senres  as  nntrition  for  the  bacteria  in 
the  digestire  tract  instead  of  the  proteids. 

Ketabolism  on  a  Diet  consisting  of  Froteld,  with  Fat  or  Carbohydrates. 
Fat  cannot  arrest  or  prevent  the  caiabolism  of  proteids;  but  it  cau  decrease 
it,  and  so  spare  the  proteids.  This  is  apparent  from  the  following  table  of 
Vuix.'    A  is  the  average  ior  three  days,  and  B  lor  six  days. 


taulx  vn. 

Pood. 


FlM)). 


lACKI  0 

1500  ISO 


lIet«b»llMd.       On  th<>  Bodr. 
1512  -  18 

1474  i-  26 


i 


According  to  Voit  the  adipose  tissne  of  the  body  acts  like  the  food-fat, 
and  the  proteid-sparing  effect  of  the  former  may  be  added  to  that  of  the 
latter,  so  that  a  body  rich  in  fat  may  not  only  remain  in  nitrogenous 
eqailibriiim,  btit  may  even  add  to  the  store  of  bodily  proteida,  while  in  * 
lean  body  with  the  same  food  containing  tlie  same  amonnt  of  proteids  and 
fat  there  wonhl  be  a  loss  of  proteids.  In  a  body  rich  in  fat  a  greater 
quantity  of  proteids  is  protected  from  metabolism  by  a  certain  qaantity  of 
fat  than  in  a  lean  body. 

Hecanse  of  the  sparing  action  of  fats  an  animal  to  vhose  food  fat  is 
added  may,  aa  \a  apparent  from  the  tables,  increase  its  store  of  proteid 
with  a  quantity  of  meat  which  is  iTisiifficient  to  preserve  nitrogeooDS 
eqnilibrinm. 

Like  the  fats  the  carbohydrates  have  a  sparing  action  on  the  proteids. 
By  the  addition  of  carbohydrates  to  the  food  the  carnii'ore  not  only  romaint 
in  nitrogenous  equilibrium,  but  lite  same  quantity  of  meat  which  in  itself 
is  insufhcient  and  which  withont  carbohydrates  would  cause  a  loss  of  weight 


'  L.  c.  S.  394. 

■  Wt-iskc.  ZK'LiscUr.  f.  Biologle.  B<ld.  15  aa  J  IT.  and  Centnlt)!.  f.  d.  med.  Wlsteuch.. 
1890,  9.  B45;  Slunk.  Vlrcliow's  Arcli.,  Bdd.  04  and  W;  Politis.  Zeiuclir.  f.  Biologfr^ 
Bil.  38.  See  aUo  Mauilmer,  ^id.,  BcL  38  :  Gabriel.  tMi.,  Btl.  29 ;  and  Volt,  ML.  Bd 
28.  S.  125:  K<;llT>er.  Mul.v's  JitiireBber.,  Btl.  27. 

>  Voit  In  IlennauD's  IlniKlbiicI),  Bd,  6.  5.  IRO. 
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iu  the  body  may  irith  the  aildUioa  of  carbohydrates  prodnce  a  deposit  of 
proteids.     This  U  apparent  from  the  following  table  : ' 

Table  Ylll. 


rood. 


VIoA. 


M'-nt 
IWU 
000 
800 

800 

600 
9000 
9000 


Fat. 


&UK»r.         SiArvU. 


3S0 


9(10-800 


UBUboltaed. 

SftS 

46S 

SOS 

745 

773 
1792 
1868 


On  Ibn  Body. 

-  58 
+    34 

-  5 
+    SS 

+  vt 
•fsoe 

+  117 


I  The  Bparlng  of  proteid  by  carbohydrate  is  greater,  ai  ihovD  by  the  table, 

r  than  by  fats.  According  to  VoiT  the  tiret  is  on  aa  arerage  0,^  aud  the 
other  7;^  of  the  admiDlatered  proteid  without  a  previoDS  addition  of  iion- 
nitrogenons  bodies.  Increasing  quantities  of  carlH)h yd  rates  in  the  food 
decrease  the  proteid  metabolism  more  regnlarty  and  constantly  than  increas- 
ing quantities  of  fat. 

Because  of  this  great  proteid-eparing  action  of  carbohydrates  the 
herhtrora,  wliic]i  as  a  rule  partake  of  considerable  quantities  of  carbohydrates, 
assimilate  proteids  readily. 

The  laur  as  to  the  increased  protetd  catiiboliftm  vtth  increased  proteid 

supply  applies  also  to  food  consisting  of  proteid  with  fat  and  carbohydrates. 

I       Id  these  cases  the  body  tries  to  adapt  its  proteid  catabolijm  to  the  supply; 

and  when  the  daily  calorie  supply  is  conipletely  covered  by  the  food,  the 

organism   can,    within    wide    limits,  be   in    nitrogenous   eipiilibrium  with 

(different  qaantities  of  proteid. 
The  npi>er  limit  to  tiie  possible  proteid  catabolism  per  kilo  and  per  day 
has  only   been   determined   for  herbiTom.     For   human  beings   it   is  not 
known,  and  its  determination  is  from  a  practical  standpoint  of  secondary 

^  importance.  What  is  more  important  is  to  ascertain  tlie  lower  limit,  and 
on  this  subject  we  have  several  experiments  apon  man  as  well  as  animals  by 
lIiRSCHPELD,  KL'MAOi-WA,  Klbupebbr,  Mtxk,  RosExnEiif,*  and  others. 

I  It  follows  from  these  experiments  that  the  lower  limit  of  proteid  needed 
for  haman  beings  for  a  week  or  less  is  about  30-40  grms.  proteid  or  0.4-0.6 
grm.  per  kilo  with  a  body  of  average  weight,  v.  Nookdbx*  considen 
0.6  grm.  proteid  (absorbed  proteid)  per  kilo  and  per  day  as  the  lower 
limit.  The  above<nientJone<l  fignres  are  only  valid  for  short  series  of 
experiments;  still  we  have  the  observations  of  E.  Voir  and  C'osstantisiui  * 
on  the  diet  of  a  Tegetarian  in  which  the  proteid  condition  was  kept  nearly 
bnt  not  completely  for  a  long  time  with  about  O.G  grm.  proteid  |>er  kilo. 


h 


■  Voil  In  Hf^rmuiD's  Huiilbucb,  Bd.  6,  S.  143. 

*  See  fooi-aotfl  2,  page  MO. 

'  Gninilrltt  elntrr  Metbodlk  tier  Stuff wvcbwinolenucbiuigni. 

•  Zftluclir.  f.  Blologk,  Bd.  99. 
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According  to  Voit'b  normal  figaree,  which  will  be  spoken  of  below  for 
tiio  nntritlre  need  of  m&D,  ad  average  working  man  of  aboot  70  kilos 
weight  itfciulres  ou  u  mixed  diet  about  40  calories  per  kilo  (true  caloriei  or 
net  ciilories,  namely,  the  combiitstion  valoe  of  the  abBorhed  foods).  In 
the  above  experiments  with  food  rerj  poor  in  proteid  the  demand  for 
caloriei]  was  conaiderablv  greutcr;  as,  for  instance,  in  certain  caeea  it  was  Al 
(Ktmagawa)  or  even  73.S  calorios  (Klrmperkr).  It  tlierefore  seems  ae 
if  the  above  very  low  snpply  of  proteid  waa  only  powible  with  greiit  waste 
of  nou-nitrogeuons  food;  bnt  in  opposition  to  this  we  most  recall  that  in 
VoiT  and  CoxSTASTiKiDl's  experiments  upon  the  Tegetarion,  who  for  yean 
was  nseJ  to  a  food  very  poor  in  proteid  and  rich  in  carboliydriite,  the 
calories  amonnted  to  only  43.7  per  kilo.  It  is  an  opf;n  question  how  a 
nitrogenous  equilibriiim  can  exi^t  also  on  a  diet  very  poor  in  nitrogen,  when 
the  need  of  calories  is  only  jiiflt  covered  by  the  total  supply. 

In  Munk's  and  licisKNitErji's  eiperiment*  upon  dogs  the  food  poor  in 
proteida  must  have  raised  the  total  supply  of  calories  considerably.  Tbsse 
ezpcrinietits  also  teach  tliat  in  dogs  the  oontinuoua  administration  for  a  long 
time  of  food  poor  in  proteid  has  an  action  on  the  liealth  of  the  animal  and 
may  even  canse  death.  Id  the  experiments  published  by  Rosbkbeim, 
which  extended  over  two  months,  'i  grins,  proteid  per  kilo  of  body  iras  not 
saflicicnt  to  keep  the  animal  lietkltliy,  although  the  heat  value  of  the  food 
taken  up  amonnted  to  110  calories  per  kilo. 

The  very  important  question  as  to  the  conditions  favoring  the  depontioo 
of  fat  and  tlesh  on  the  body  is  ^Ousely  associated  with  what  has  jast  been 
said  in  regard  to  foods  consisting  of  ]>roteid  and  non-nitrogenona  food-stnfls. 
In  this  connection  we  most  recall  in  the  first  place  that  all  fattening  pre- 
BDppo^es  an  overfeeding,  i.e.,  a  supply  of  food-gtuSs  which  id  greater  tlisn 
that  cataljolized  in  the  sanio  time. 

In  carnivora,  as  shown  by  the  investigations  of  VotT  and  PplDgeb,  a 
rery  in  considerable  deposition  of  ileab,  in  proportion  to  the  catabolized 
proteid,  may  take  place  with  food  consisting  exclnsively  of  meat.  In  mao 
and  herbivora,  on  the  contrary,  the  demand  for  caJoriea  may  not  be  coverei 
by  proteid  alone,  and  the  qnestion  as  to  the  conditions  of  fattening  with  i 
mixed  diet  is  of  iraportitnce. 

Thege  condition;!  have  also  been  studied  tit  carniTorn,  and  here,  as  Von 
has  shown,  the  relationship  between  proteid  and  fat  (and  carbobydniles) 
is  of  groat  importance.  If  much  fat  is  given  in  proportion  to  the  protetd 
of  the  food,  as  with  average  quantities  of  meat  with  oonsiderable  additieo 
of  fat,  then  nitrogenous  equilibrium  is  only  slowly  attained  and  th« 
daily  deposit  of  Hesh,  ihungh  not  targe,  is  quite  constant,  and  may  becoDM 
greater  in  llie  course  of  time.  If,  on  the  contrary,  much  meat  henc 
proportionately  little  fat  is  given,  then  the  depo^^it  of  proteid  with  inoi 
catabolisni  is  smaller  day  by  day,  and  nitrogenous  equitlbrinm  is  atCained 
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in  a  fow  dajs.  In  spite  of  the  (tail;  Bomewhat  larger  deposit,  the  total 
flesh  deposit  is  not  considerable  in  these  caees.  The  following  exj>eriment 
of  Voix  may  aerre  as  example: 

Tablk  IX. 


Rumbttr  of  X>±<r% 

of  ExpvrinwntA- 

Uoa. 

Food. 

Toul 
Drpiwit  i)f 

IMIr 

Xilrainaaiu 
Equlllbfiuin. 

Heat,  itrnu. 

FaUiniu. 

7 

500 
ISOO 

250 
250 

1793 

e«4 

66 

las 

uoi  ntiftlucd 

■tiaiutd 

The  greatest  absolcte  deposition  of  flesh  in  the  body  was  obtiiined  in 
these  cases  with  oaly  500  grnm.  meat  anil  :250  grms.  fat,  aaJ  ercn  after  32 
days  the  nitrngenons  erjiiilibriinn  had  not  occnrreil.  On  feeding  with  1800 
grms.  meat  and  250  grms.  fat  the  nitrogonons  e<|nilibrinm  occurred  after 
7  days;  and  though  the  deposition  of  flesh  per  day  vas  greater,  still  the 
absolute  deposit  was  not  ouo  half  as  great  as  in  the  former  case.  luasmnch 
aa  the  (innntity  of  proteids  does  not  decrease  below  a  cortatti  anioiiiit,  it 
seems  that  the  most  abundant  and  most  lasting  deposition  of  flesh  Is 
obtained  with  a  food  which  does  not  contain  too  much  proteids  in  propor- 
tion to  the  fat.  The  same  is  also  trae  of  a  diet  oonsisting  of  proteids  and 
carbohydrates. 

The  experiments  of  Kkuo  '  upon  himself,  under  the  direction  of  t.  Noob- 
DCN,  give  IIS  information  as  to  the  practicability  of  fleah  deposition  in  man. 
With  abnndant  fooi]  ('^390  cal.  —  44  cal.  per  kilo)  Kitua  was  cloee  to 
nitrogeiions  eqniUbrinm  for  six  days.  He  then  increased  the  nntritire 
■npply  to  -t^no  col.  =  71  cal.  per  kilo  for  IS  days  by  the  addition  of  fat  and 
carbohydrate,  and  in  this  lime  309  grms.  proteid,  corresponding  to  1455 
grma.  mnscle,  was  spared.  Of  the  excess  of  administered  calories  in  this 
case  only  5*  was  used  for  fleeli  deposit  and  D-W  for  fat  deposit.  As  the 
large,  eicesaive  i^iiautity  of  food  waa  not  habitual,  and  ealen  with  reluctance, 
this  experiment,  as  v.  Koori>em  has  correctly  emphasized,  has  placed  the 
difliculty  of  llcBh  depoaition  in  another  light.  We  intist  admit  with 
V.  N'ooithKN'  that  it  h  impossitjle  to  produce  a  permanent  flegh  deposit  in 
man  by  orerfeodiDg,  and  that  it  is  not  possible  to  make  a  person  muscle- 
strong  by  excessive  feeding. 

Flesh  depnsitiun  is,  a(^x;onling  to  T.  XooRDBX,  a  fiinctioD  of  the  speoifio 
energy  of  the  dereloping  cells  and  the  cell-work  to  a  mnch  higher  extent 
than  the  excess  of  food.  Therefore  we  observe,  according  to  v.  Noorden, 
abundant  flesh  deposition  (1)  in  each  growing  body;  {'I)  in  those  no  longer 

t  CUed  rroin  v.  Nooriieo's  Lehrbucb  der  PntU.  des  Slollwecliads.  Berlin,  It^ 
B.  I'M. 
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growiug  bnt  whose  body  is  accustomed  to  increased  work  (bjpertropbT  ot 
the  nioecles  by  work) ;  (3)  wheneTer,  by  previona  iusutTicient  food  or  by 
disease,  the  fiesli  conditiou  of  the  boily  lias  been  dttninished  and  therefore 
requires  abnndant  food  to  replace  the  same.  The  deposition  of  flesh  is  m 
this  case  an  expression  of  the  regenerative  caergy  o£  the  cells. 

Tho  experienced  of  graziers  bHow  that  in  food-animah  a  flesh 
deposit  does  not  occur,  or  at  least  is  only  inconsiderable,  on  orerfeeding. 
The  individnality  and  the  race  of  the  animftl  are  of  importance  for  flesh 
deposition. 

As  above  stated  (Chapter  X)  respecting  the  formation  of  fat  in  the  animal 
body,  tho  most  essential  condition  for  a  fat  deposition  is  an  overfeeding  with 
nou-nitrogenoLis  foods.  The  extent  of  fat  deposition  is  determtned  by  the 
excess  of  administered  calories  over  those  naed.  If  a  large  part  of  the 
calorie  demaud  is  covered  by  proteid,  then  a  greater  part  of  the  simal- 
taneonsly  given  noii-aitrogenoiis  food-stulTa  is  spared,  i.e.,  naed  for  f&t 
deposition.  But  as  proteid  and  fat  are  expeostTO  nutritire  bodies  as  com- 
pared with  carbohydrates,  the  sapply  of  greater  qnantitiea  of  carbohydrates 
is  important  for  fat  doposltion.  The  body  decompoites  less  substance  at 
rest  than  during  activity.  Bodily  rest,  besides  a  proper  combimition  of  the 
three  chief  groups  of  organic  foods,  is  therefore  also  an  essential  reqnisite 
for  au  abundant  fat  deposit. 

Action  of  Certain  other  Bodies  on  Uetabolism.  Wat«r.  If  a  quantity 
in  Gieesfl  of  that  which  is  necessary  is  introdaced  into  the  organism,  the 
excess  is  quickly  and  principally  eliminated  with  the  urine.  This  iucreassd 
elimination  of  urine  causes  in  fasting  animals  (VdiT,  Forstrr),  but  nob  to 
any  appreciable  degree  in  animals  tnking  food  (Seeoes,  Salkowski  and 
Ml'KK,  Mayek,  Dubeuu  '),  an  increased  elimination  of  area.  The  reason 
for  Ibis  increased  elimination  is  to  be  fonnd  iu  the  fact  tliat  the  drioking 
of  much  water  causes  a  complete  washing  out  of  the  urea  from  the 
tissues.  Another  view,  which  is  defended  by  Vdit,  is  that  becaoae  of  the 
more  active  carrent  of  fluids  after  taking  large  quantities  of  water  an  in* 
creased  metabolism  of  proteids  tiikes  place.  Voir  considers  this  exp1«t].v 
tiou  tho  correct  one,  althongh  lie  does  not  deny  that  by  the  JibetAl 
admintBtration  of  water  a  more  complete  washing  out  of  the  urea  from  the 
tissues  takea  place. 

In  regard  to  the  action  of  water  on  the  formation  of  fat  and  its  raeta- 
bolism,  the  view  that  the  free  drinking  of  water  is  favorable  for  the  deposi- 
tion of  fat  Eccnis  to  be  generally  adnultetl,  while  the  drinking  of  only  very 
little  water  acts  against  its  formation. 

'  Voit,  UDtersucb.  Qbcr  den  Elafluss  dea  Kociisatics,  etc.  (Muncheti,  18A0);  Fonter, 
tiled  from  Volt  tn  HermuntL's  Hnndbucli ,  Bd.  8,  S.  1S8 :  8«egcii,  Wien.  Bilzuugvber., 
Bd.  m,  8all£owiki  ami  Muak,  Yircliow't  Arch,  B<I.  71;  Muycr,  ZeltMbr.  f.  klla. 
Med.,  Bd.  3 ;  Dubellr,  Zclucbr.  f.  Biu1ci};ie,  Bd.  38. 
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SaU$.  The  excretion  of  urine,  even  when  no  great  qaaoUties  of  water 
are  imbibed,  is  increued  by  common  salt,  and  at  thesa,ine  time  tlie  elimina- 
tion of  urea  la  also  increoacil.  Tlie  same  twopossibilitiea  may  be  considered 
for  this  laat  aa  iii  tlie  nctlnti  uf  water  «>ii  the  excretion  of  urea.  The  eiperi- 
mentg  continned  for  a  long  time  by  Voit,  in  which  the  absolnte  inorease  of 
the  elimination  of  nrea  iros  considerable  (lOG  grms.  in  4d  da^e),  render  the 
coDcIosion  probable  th»t  common  salt  somewhat  increases  the  metaljolism 
of  tlie  proteida.  Dl'HELIB  has  obtained  contrary  resalta,  which  he  considers 
vai  Une  to  giring  the  animal  larger  quantities  of  common  salt.  It  is 
possible  that  tbe  decoinpusitiorii  actirity  of  the  cells  may  be  reduced  on 
giving  largo  quantities  of  HaU.  According  to  Stracb'  the  true  action  of 
common  salt  (althongh  the  losa  of  water  caused  by  tbe  common-salt  diuresis 
la  replaced  from  the  beginning  by  drinking  water)  is  a  small  diminution  of 
the  proteid  decomposition.  FroLiESE  and  Cor.oi'  have  alao  come  to  the 
conclnsiun  that  common  salt  in  sufficiently  large  doses  diminishes  the  elimi- 
nation of  nitrogen.  Certain  other  salts,  such  as  potassium  chloride,  sodium 
sulphate,  sodium  phosphate,  sorlium  hiborate,  nitrate,  salicylate,  and  others, 
hare  an  increased  action  on  the  metabolism  of  proteids. 

Alcohol.  The  question  as  to  how  far  the  alcohol  absorbed  in  the  intes- 
tinal canal  is  burnt  in  llic  body,  or  whether  it  tcaves  the  body  unchanged 
by  Tarioas  channels,  has  been  the  subject  of  much  discussion.  To  all 
appearances  the  greatest  part  of  the  alcohol  introduced  (d.^^)  is  burnt  in 
the  body  (Subbotin,  Thuuichum,  Bodlandek,  Benedicenti ').  As  the 
alcohol  hoa  a  high  calorific  value  (1  grm.  =  7  caL),  then  the  question 
arises  whether  it  acta  sparingly  on  other  bodies,  and  whether  it  is  to  be 
considered  as  a  nutritive  body.  The  inrestigations  made  to  decide  this 
question  have  led  to  no  decisive  resnlt.  In  the  exjieriments  on  the  elimina* 
tion  of  nitrogen  in  hnman  beings  sometimes  a  diminished  (IIaumond, 
E.  Suite],  Obeknif.k),  sometimes  an  unchanged  (Paiikks  and  Wollo- 
wicz '),  while  in  other  cases  an  increased  (Foiwteu  and  Romeyn  *)  elimina- 
tion of  nitrogen  was  obserred  after  the  administration  of  small  amounts  of 
alcohol.  In  the  recent  experiments  of  Stammkkich  and  v.  Nooriien' 
alcohol  could  only  replace  tbe  iaodynamio  quantity  of  non-nitrogenous  food- 
stuffs, without  an  easeutial  influence  on  the  proteid  condition  of  the  body, 
in  a  food  richer  in  proteid  than  ordinarily.     Uilha*  eonld  not  find  any 


'  Zcltaclir.  f.  Biologff,  Bd.  87. 

■See  Maly'B  JatiresUr..  Btl.  28.  S.  730. 

*  Bencdlci'Dii,  Du  BxIa-RymDiitl's  An-h.,  1806,  which  also  contaloa  the  literature. 

*  lu  rcgvnl  (o  tlic  ultler  ioTMtiguLioDeiBce  Voilln  Il^nunuii'iIIftndbucli,  IM.  6,  8.  170. 
'  Kaly's  Jal.retbcr  .  B.l.  17,  8.  Am. 

■  T.  Noordvii.  --  Alkuhol  nls  Simnuittc-l,"  Berllo.  fclio.  Woclieoscbr.,  1801. 
1  Zetuchr.  f.  kItD.  Heil,,  Bd.  ao. 
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sparing  action  oa  proteids  by  aloohol  in  his  experiments,  aad  according  to 
him  alcohol  caanot  replace  the  fipariiig  action  of  carbohvdrate  od  protaid. 

FoKKRR  and  I.  MrxK '  found  in  dogB  after  the  adminiatratiou  of  STnoll 
qnantitiea  of  alcohol  a  diminished,  and  after  large  cjnantitiee  an  increased, 
Uietiibolism  of  proteids.  Chiitcndhn,  Xukiiis,  and  £.  SuiTit*  make  the 
statement,  based  on  their  oxperinionts  with  1.9,  2.3,  nod  2.7  c.c.  aloohc^ 
per  kilo  of  dog  per  diem,  that  alcohol  acts  like  a  non-nitrogenons  nntntiTe 
bod;  in  regard  to  its  sparing  action  on  proteids. 

Many  inrestigatioiiB  hare  been  umde  aa  to  the  extent  of  exchange  of 
gas  in  animals  after  taking  alcohol.  The  results  in  these  oasee  are  some- 
what different,  depending  npon  the  nize  of  dose  and  the  kind  of  animal, 
la  an  experiment  npon  tUo  human  body  Zr.s'ra,  and  likewise  Geppekt,' 
observed  no  essential  change  in  tho  respiratory  exchange  of  gas  after  small, 
non-intoxicating  doses  of  alcohol.  As  alcohol  is  in  greatest  part  consamed 
in  the  body  and  the  exchange  of  gas  is  nevertheless  not  essentially  ralwd,  it 
seems  as  if  the  alcohol  diminishes  tho  oombnation  of  other  bodivs  and 
therefore  has  a  sparing  value.  Corresponding  vith  this,  as  is  well  known,  a 
deposition  of  fut  may  take  idoce  in  the  body  under  the  iuHneuce  of  alcohol 
The  nutritive  value  of  alcohol  may  be  of  essential  importance  only  in  certain 
cases,  as  large  quantities  of  nlcoliol  taken  at  a  time,  or  the  continued  aae  of 
smaller  quantities,  has  an  injurious  action  on  tbo  organism.  Alcohol  may 
therefore  be  regarded  as  a  foodstulf  only  in  exceptional  cases,  and  id  otbcr 
respects  must  bo  considered  as  an  article  of  liiinry. 

CoJftB  and  tea  have  no  positively  proved  action  on  the  exchange  of 
material,  and  their  importance  lies  chiefly  in  their  action  npon  the  nervoos 
system.  It  ia  itiipnsHibId  to  enter  into  the  action  of  varions  therapeatic 
agents  upon  metabolism. 

V.  Th©  Dependence  of  Bletabollsni  on  Other  Conilltiona. 

The  previoosly  mentioned  so-called  abstinence  value,  i.e.,  the  extent  of 
metabolism  with  absolute  bodily  rest  and  inactivity  of  the  intestinal  tract, 
serves  best  as  a  starting-point  for  the  study  of  metabolism  under  various 
external  circnmBtancea,  Tlie  metabolism  going  on  under  these  conditiooi 
leads  in  the  flr^t  place  to  the  prodnction  of  beat,  and  it  is  only  to  a  sob* 
ordinate  degree  dependent  npon  the  work  of  the  circalatory  and  respiratory 
apparatus  and  the  actirity  of  the  glands.     According  to  a  calculation  by 


>  Fokkor,  cited  from  Volt  in  IIcnnBDti'B  Hsndbucb,  Bd.  0,  8.  170 ;  Hank,  Du  Boift> 
Rpymond'8  Arch.,  1679. 

*  Jotini.  of  Phyiilol,.  VqI.  IS.     See  also  nonoginy  aiKl  Tib&ld.  Maly**  Jabreabcr.. 
B<1.  24.  aud  SirOm.  ilnd, 

tz,  Maly's  Jalircaber.,  BrI.  17:  Qeppcrt,  Arcli.  f.  exp.  Pnth.  u.  Pliarm..Bd. 
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ZuKTZ,'  on] J  10-30^  of  the  total  calories  of  tlio  abatiuence  value  bolongi  to 
the  circuliitioa  and  reepiration  work. 

The  magnitude  of  the  abatiaeoce  Talae  depends  in  the  first  place  opon 
tbe  lieut  prodnctioQ  necessary  to  cover  the  loss  of  heat,  and  thii  heat  pro- 
duction is  in  torn  dependent  upon  the  relationBhip  between  the  weight  of 
bodj  and  the  surface  of  the  bodj. 

Weight  of  Body  and  Age.  The  greater  the  mass  of  the  body  the  greater 
the  absolute  cotisiiniption  of  material;  while  on  the  contrary,  other  thiugg 
being  eqnal,  a  amall  individnal  of  the  suoie  species  of  aniniaU  metabolizes 
[iftbsolutelj  less,  but  relatirely  more  as  compared  with  the  nnit  of  the  weight 
of  the  body.  It  iiiufit  be  remarked  that  we  mean  fleitli  weight  when  we  say 
body  weight.  The  extent  of  the  metaboliam  h  dependent  upon  the 
c|naDtity  of  living  cells,  and  a  rery  fat  individual  therefore  decomposes  less 
snbstaiice  per  kilo  than  a  lean  person  of  the  same  weiglit  of  body.  In 
women,  who  generally  have  less  bodily  weight  and  a  greater  quantity  of  fat 
than  men,  the  metaboliem  in  general  ia  smaller,  and  the  latter  is  ordinarily 
abont  ^  of  that  of  men. 

Tbe  question  as  to  what  extent  gender  speoialty  infinences  metabolism 
remains  to  be  inTestigated.  TiasKSTEDT  and  Sotrnsx'  fonnd  that  in 
the  young  the  carbon  dioxide  elimination,  per  kilo  of  body  weight  as  well  as 
per  Bqnaro  metre  of  body  surface,  was  considerably  greater  in  nialos  than  in 
females  of  the  same  age  and  the  same  weight  of  body.  This  difference 
between  the  two  sexes  seems  to  disappear  gradn&lly,  and  at  old  age  it  entirely 
disappears. 

The  essential  reason  why  Bmall  animals  decompoee  relatively  more  sub- 
stance, as  calculated  on  the  kilos  of  the  body,  than  large  ones  is  chat 
the  smaller  aniinala  have  greater  bodily  surface  in  proportion  to  their  mass. 
On  this  account  the  loss  of  heat  is  greater,  which  causes  increased  heat  pro- 
duction, i.e.,  a  more  active  metabolisni.  This  is  also  the  reason  why  young 
individuals  of  the  same  kind  show  a  relatively  greater  decomposition  than 
older  ones.  If  we  calculate  the  heat  prodnctiou  and  carbon-dioxide  elimi- 
nation on  the  unit  of  surface  of  body,  we  find,  on  the  contrary,  as  the 
exi>erimeiits  of  Hl'Uner  upon  human  beings  and  Uiciiet'  upon  dogs  show, 
that  they  vary  only  very  little  from  a  certain  average  in  individuals  of 
different  weights. 

According  to  Tigkrstedt  and  SoaDGN  the  greater  metabolism  in  yonng 
animals  depends  nevertheless  also  in  part  on  the  fact  that  in  then  indi- 
viduals  the   decomftosition   in    itself    is   more  active  than  in  older  ones. 


'  Clled  from  v.  Noorden,  L«Iirbucli,  8.  97, 
•Bluud.  Areli.  r.  HiyMoI..  lid.  a. 

*  RutQcr,  ZcUscbr.  f.  Biolofie.  Bdd.  21  and  19 :  Ricbct.  Arch,  de  Fliystol.  (5), 
Tome  2. 
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The  period  of  grovtb  has  a  cooaiderablo  influence  on  the  axient  of  meta- 
bolism (in  man),  and  indeed  the  metaboliam,  even  TFhen  calculated  on  the 
noit  of  Burface  of  body,  is  greater  in  youth  tliau  in  age.' 

The  more  actire  motabollRm  in  yoticg  individuals  U  apparent  when  ve 
measure  the  gaseous  exchange  as  welt  as  the  elimination  of  nitrogen.  As 
example  of  the  elimination  of  area  iu  childreu  the  loiloiriDg  results  of 
Oaubber*  are  of  valne* 

Tabls  X. 

let.  Wttlcbt  »t  Bodj  in  COos.  Draft  Is  crmft, 

P»r  Hmj.  for  KUo. 

liynn 10.80  1310  1  S5 

8  "    18.80  11.10  0.90 

5      ■•    18.20  12.87  0.76 

7      "     18.80  14.06  ti.'ia 

9  "     S5.10  17.27  0.e» 

ISl     -'     83.60  17.70  O.U 

15      "     85.70  17.78  O.W 

In  adults  weighing  about  70  kilos  from  30  to  3S  grms.  nrea  per  day  is 
eliminated,  or  0.5  grm.  per  kilo.  At  about  1.^  years  of  age  the  destraetion 
of  proteids  per  kilo  is  abont  the  same  as  in  adults.  The  relatively  greater 
metabolism  of  proteids  in  young  indiridnals  is  explained  partly  by  the  fact 
that  the  metabolism  of  material  in  general  is  more  active  in  yonng  animals, 
and  partly  by  the  fact  that  young  aoimals  are  as  a  rale  poorer  la  fat  thao 
those  full  grown. 

As  the  metabolism  may  be  kept  at  its  lowest  point  by  absolnte  rest  of 
body  and  inactivity  of  the  intestinal  tract,  it  is  manifest  that  work  and  the 
taking  up  of  food  have  an  important  bearing  on  the  extent  of  metabolism. 

Rest  iinil  Work.  During  work  a  greater  quantity  of  potential  energy  ii 
converted  into  living  force,  i.e.,  the  metabolism  is  Incroased  more  or  lees  on 
acconnt  of  work. 

As  explained  in  a  previous  chapter  (XI)  work,  according  to  tbo  generally 
accepted  view,  has  no  material  inflnence  on  the  elimination  of  nitrogfo. 
It  is  nevertheless  true  that  several  investigators  have  observed  in  certain 
cases  an  increased  (?iiniiuution  of  nitrogeu;  but  these  observations  liave 
been  exjdained  in  other  ways.  For  instance,  work  may»  when  it  is  con- 
nected  with  violent  movements  of  the  body,  easily  canse  dyspnoea,  and 
this  last,  as  Fu-^nki^l  '  has  shown,  may  cause  an  increase  in  the  eliminatioo 
of  nitrogen,  since  dioiinution  of  tbo  oxygen  supply  increaaes  the  proteid 
metabolisQi.  In  others  series  of  experiments  the  quantity  of  earbohydratas 
and  fats  in  the  food  was  not  sulliciont;  the  supply  of  fat  in  the  body 
was  decreased  thereby,  and  the  destrnction  of  proteids  was  correspond- 
ingly increased.     Work  may  also  increase  the  appetite,  and   an   increase 

■  Tbta  Bt«t«ment  I»  diJrpuied  by  Camcrer,  Zeluchr.  f.  Bfologle,  Bd.  88. 

■  Zeiischr.  f.  Biologle.  Btld.  16  nuil.  20. 
»  VircUow's  Arclt..  Bdd.  67  u.  71. 
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in  the  elimiaatioa  of  nitrogea  mty  be  cBused  bj  the  greater  qnantitv  of 
proteids  taken.  According  to  the  genemlly  accepteJ  views  inusctilitr  activity 
lias  liarUly  an;  intliienoe  on  the  metaboliani  of  proteids. 

Oa  the  contrary,  work  has  a  very  considerable  ittflaence  on  the  elimina- 
tion  of  carbon  dioiide  and  the  consnmption  of  oxygea.  This  action,  which 
was  first  observed  by  Lavoisier,  hoa  recently  been  confirmed  by  many 
inveftti gators.  Pcttknicofkr  and  Voit>  hare  made  InreBtigatioiis  on  a. 
foil-grown  man  as  to  the  metabolium  of  the  nitrogenons  as  well  as  of  the 
non-nitrogeaoua  bodies  daring  real  and  work,  partly  while  fasting  and 
partly  on  a  mixed  diet.  The  experiments  were  made  on  a  fnll-grown  man 
weighing  70  kiloe.     The  resnlts  are  contained  in  the  following  table: 

Taumi  XI. 

ConauDiptlon  of 
PrMctdi.        Knu    C-KTliohjrdntM,    CO(  nliRiln»t«d.    OcoBiuin«d. 

'^"'"'8  -  jWoi-k 75  380  ...  U87  1071 

*"*"*""  (Work 187  173  858  ISO©  980 

In  these  castas  work  did  not  seem  to  have  any  inflaence  on  the  destrno 
tion  of  proteida,  while  the  gas  exchange  was  considerably  increased. 

Zi'NTZ  and  hla  papils'  have  made  very  important  investigations  into  the 
extent  of  the  exchange  of  gas  as  a  measure  of  metabolism  daring  work  and 
caused  by  work,  using  Zi'XTZ-UErPERT^s  method  (see  page  !)4i).  These 
investigations  not  only  show  the  important  inBaence  of  nmscnlar  work  on 
the  decomposition  of  materiali,  but  they  also  show  in  a  very  instractive  way 
the  relationship  between  the  extent  of  metabolism  of  material  and  useful 
work  of  various  kinds.  We  can  only  refer  to  these  important  investigations^ 
which  are  of  special  physiological  interest. 

The  action  of  tnnscular  work  on  the  gas  exchange  does  not  alone  appear 
with  hard  work.  From  the  researches  of  Speck  and  others  we  learn  that 
even  very  small,  apparently  qnite  nnessentiul  movements  may  incresise  the 
prodnction  of  carbon  dioxide  to  snch  an  extent  that  by  not  observing  these, 
as  in  numeroQS  older  experiments,  very  considerable  errors  may  creep  in. 
.ToHAXSSox'  has  also  made  experiments  npon  himself,  and  finds  that  on 
the  production  of  as  compli^Le  a  mascle  inactivity  as  possible  the  ordinary 
amount  of  carbon  dioxide  (31.2  grms.  per  honr  at  rest  in  the  ordinary 


'  Zellechr.  f.  Blologk-,  Bd.  2. 

*  8««  the  works  of  Znniz  nnd  L«hinHnD.  Mftly's  JntirMber.  Dd.  19:  KntzeriKt«io, 
PflQger't  AtcU.,  Bd.  "10;  Loewy,  Hut.;  Zuiitz,  i7'i(/.,  Bd,  fl8,  and  espctdully  llm  Inrgc 
vfork  "  Uoteraucb.  Uber  den  Slollwecbsel  den  Pfculc*  b«(  Itub«  uod  Arbeit,"  Zuutz  oixl 
nagemana,  Berlin,  \6W,  which  alan  contains  a  biblioi^rRpby. 

■Nun].  Ued.  Arklv.  PirMbuKl.  1897;  also  3Ialy'i  JablMbet.,  Bd.  87;  Bpttik, 
"  Physiol,  dcs  mentcbl.  Atlimetw."    Leipzig,  1893. 
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unse)  mRj  be  rednced  oe&rlr  one  third,  or  an  arerage  of  S2  gmu.  per 
hour. 

The  qaantity  of  c&rbon  dioxide  elimitiated  dnriug  a  working  period  it 
nniformlj  greater  than  the  qnantity  of  oxygen  taken  up  at  the  same  time, 
and  hence  a  raiding  of  the  re«pimtory  quotient  was  formerly  tuually  con- 
sidered aa  cauaed  hy  work.  Thlfi  rhe  does  not  aeeni  to  be  based  upon  the 
kind  of  chemical  proceeseH  going  on  dnring  work,  us  we  have  a  series  of 
eiperimeuta  made  by  Zlstz,  Lkiiuann,  and  Katzenstbin  *  in  which  the 
respiratory  i|notient  remained  almost  wholly  unchanged.!  in  ejilte  of  work. 
According  to  Loewy*  the  combnstion  proceeaee  in  the  animal  body  go  on 
in  the  tame  way  in  work  as  in  rest,  and  u  raiding  of  the  respiratory  (jaotient 
(irrespective  of  the  trunsieiit  change  in  tlie  respiratory  raechunism)  takes 
place  only  with  influllicient  supply  of  oxygen  to  the  mnacles,  as  in  coutiii- 
nous  fatiguing  work  or  excesaiTe  muscalar  activity  for  a  brief  period ,  also  witk 
local  lack  of  oxygen  caused  by  excesaive  work  of  certain  groups  of  mnaclet 
This  raryiiig  condition  of  the  respiratory  qnotient  has  been  explained  by 
KATZKNnTKiN  by  the  Statement  that  during  work  two  kindt;  of  chemical 
proceiisee  act  side  by  side.  The  one  depends  npon  the  work  which  is  con- 
nected with  the  production  of  carbon  dioxide  also  in  the  abaeuce  of  fr« 
oxygen,  while  the  other  brings  about  the  regeneration  which  takes  place  by 
the  taking  np  of  oxygen.  When  thciictwo  chief  kinds  of  chemical  procenei 
make  the  same  progress  the  respiratory  quotient  remains  nnchanged  during 
work;  if  by  hard  work  the  decomposition  is  increaseil  as  compared  with  tlie 
regeneration,  then  a  raising  of  the  respiratory  qnotient  takes  place. 

The  theory  of  Loewv  and  Zl'ntz  that  the  raising  of  the  respiratory 
qnotient  during  work  Is  ta  be  explained  by  an  insafliclent  snpply  of 
oxygen  is  opposed  by  Lallanie.'  lie  has  obserred  the  reverse,  namely,  a 
dimination  in  the  reepirutory  quotient  dtiring  coutinnons,  excessive  work, 
and  this  is  not  reconcilable  with  the  above  statements.  According  (o 
Laul^vkis,  who  con&iders  sngar  as  the  sonrce  of  muscnlar  energy,  the  rise 
in  the  respiratory  quotient  is  duo  to  an  increased  combnscion  of  sugar. 
The  diminution  of  the  same  ho  explains  by  a  re-formation  of  sugar  from  fot 
which  takes  place  at  tho  some  time  and  is  accompanied  with  an  increased 
consnmpdon  of  oxygen. 

In  steep  metabolism  decreases  as  compared  with  that  dnring  wakin^i 
and  the  most  essential  reason  for  this  is  the  muscular  inactivity  dnring  sleep. 
The  investigations  of  Ribnek  npon  a  dog,  and  of  Jouanssox  *  opon  hanuo 


>  See  fooE-note  3,  page  6S0. 
»  PflQger'8  Arclj..  Bd.  49. 

•  Arch,  de  Physiol.  i5).  Tome  8.  p.  57S. 

*  Ilubuer.  LudwfgFvsischr..  1887;  Loewy,  Deri.  klfn.  WocbeoBChr..  1891.  6.  4M; 
Johanssun,  Skand.  Arcb.  f.  Pbjrsiol.,  Bd.  8. 
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beings,  teach  ns  that  if  the  mnscaldr  irork  is  eliminated  the  metabolism 
daring  waking  is  not  greater  than  in  sleep. 

The  nctioa  of  light  aUo  stands  In  close  connection  with  the  qneslion  of 
the  Action  of  muscnlar  vork.  It  eeems  posicirely  proved  that  metAholiBnt  is 
increased  nuder  the  intlaence  of  light.  Most  investigatorB,  such  ss  Spf.ck, 
TjCRD,  and  Ewald,'  con-sidor  that  thla  incroaae  is  due  to  the  morctnents 
caused  by  the  light  or  an  tncreaaed  maecle  tonns.  FuDiNf  and  Bbni- 
nti.'R.VTi  *  aasRme  that  the  increase  in  metabolism  due  to  light  is  independent 
of  the  movemeuts.  Tbcj  base  this  asaumption  on  experiments  made  oa 
liibemating  animals. 

Menial  adiviiy  does  not  seem  to  hare  any  inflnencc  on  mctaboliBin. 

Action  of  ihe  Hxternai  Temperature.  lu  cold-blooded  animald  the  pro- 
duction of  carbon  dioxide  increases  and  decreases  with  the  rise  and  fall  of 
the  snrraundiiig  temperutnre.  lu  wanii-hlnodetl  anitiiiiU  this  conilltion  is 
the  reverse.  By  the  iaveatigations  of  LiDwut  and  Sanukks-Kzs,  PplO'ser 
and  his  papils,  and  Duke  Chablrs  Throi>orb  of  ItavariB  and  others,*  it 
has  been  demontttrated  that  in  warm-blooded  uniniitls  the  change  in  the 
external  temperatare  has  different  results  according  as  the  animaPs  own 
heat  rcitiaius  tlie  same  or  changes.  If  the  temperature  of  the  animal  sinks,, 
the  eliniiuation  of  carbon  dioxide  depreiuM-w;  if  the  tdirijieraliire  rises,  the 
elimination  of  CO,  increases.  If,  on  the  contrary,  the  temperatore  of  the 
bodj  remaiua  unchanged,  then  the  ellmiaation  of  carbon  dioxide  increases 
with  a  lower  and  decreases  with  a  lilgher  externul  Lcmpcralnre.  I'll  is  fact 
may  be  explained,  according  to  Pfe.Cmikr  and  ZrKTz,  by  the  statement  that 
the  low  temperatore,  by  exciting  a  reflex  action  in  the  sensitire  nerves  of 
ihe  akin,  canscs  an  increased  metabolism  in  the  mnsclcs  with  an  increased 
production  of  heat,  affecting  the  temperature  of  the  body,  while  with  a 
Ugher  external  temperature  the  rererse  takes  place.  The  experiment 
made  npon  animals  are  somewhat  uncertain  for  several  reusonit,  hut  the 
determinations  of  the  oxygen  altsorjition,  as  well  ns  l.ho  elimination  of  CO,, 
made  bj  Se'KCK,  Lobwy,  and  Johansson'*  in  hnroan  beingct,  hare- 
shown  that  cold  doee  not  produce  any  essential  increase  in  the  metabolism 
of  man.  The  irritation  caused  by  cold  may  reflexly  cause  a  forced  respira- 
tion with  an  action  on  the  gaa  exchange,  and  weak  TeHex  raasonlar  more- 
meuta,  such  as  shivering,  trembling,  etc.,  may  eauw  an  iusiguilicaiit- 
increase  in  the  elimination  of  carli'ori  dioxide;  in  complete  mtisculnr  in- 
activity cold  seems  to  cause  no  increased  absorption  of  oxygen  or  increased 

'  Spock.  1.  &:  I/oeb,  PflDger's  Areli..  B<1.  43 :  EwBld,  Jouna  of  Physiol..  Vol.  18.. 

■  Cited  front  M&ly'a  Julitrtbcr..  Btl.  22,  S.  Sa."). 

■  Tli«  pertioeul  lilemCurc  m&y  be  fouud  ctted  by  VoH  Id  ncrmimn'a  Ilandbuch,  Bd. 
A,  and  nlsn  by  Spcrk,  1.  i;. 

*  Speck.  1.  c;  Loewy,  PflOffer's  Arcli.,  Bd.  46 ;  JobaosKui.  Skud.  Arch.  t.  Phystol., 
Bd.  7. 
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meubolidm.  Evkmax^s'  experimenta  upon  iohabiCiiats  of  the  tropica  abo 
sliow  the  SBine  rpsalt,  Daniely>  that  JQ  haman  beiDga  oo  aprociable  chemical 
lieat  regnlation  occurs. 

Metabolieni  ia  increased  br  the  partaking  of  food ,  and  Zt'XTZ*  haa  cal> 
ctilnted  that  in  man  tliu  coiisiimptioD  of  oxygen  is  raised  on  an  average  ll>i 
abore  the  atnotiiil  [luring  rest  for  about  '!  hours  after  taking  a  mfxtentwl; 
hearty  meal.  Tliis  increase  in  the  uiet&bolism  is  caused,  according  to  the 
generally  accepted  riew  of  Speck,  probably  only  by  the  increased  work  of 
the  digestive  appar»tiitt  mi  the  jiibrtaking  of  food.  R-tasantzeff  has  shoirti 
that  ttio  extant  of  nitrogen  elimioation  ia  proportional  to  the  intensity  of 
the  djgeatire  work. 


VI.  The  Necessity  of  Food  by  Man  under  Viiriona 

ConditlonH. 


V'&rions  attempts  have  been  made  to  determine  the  daily  qnantity  of 
organic  food  needed  by  man.  Certain  iarestigators  hare  calcolated,  Irom 
the  total  cousnmption  of  food  by  a  large  number  of  similarly  fed  individnala, 
soldier,  sailors,  I-^borers,  etc.,  the  arerage  quantity  of  foodstnffs  required 
per  head.  Others  have  calculated  Lbe  daily  demand  of  food  from  the 
quantity  of  carbon  and  nitrogen  in  the  oxcreta.  Others,  i^in,  hare  calcn- 
luted  tlie  quantity  of  nntritive  material  in  a  diet  by  which  an  eqnilibriurn 
was  ninlntained  in  the  IndiridQal  for  one  or  several  days  between  the  con- 
sumption and  the  elimination  of  carbon  and  nitrogen.  Lastly,  others  still 
liave  quantitatively  determined  during  a  period  of  sevffral  days  the  organic 
foodstuffs  consumed  daily  by  persons  of  varions  occupations  who  chose 
their  own  food,  by  which  they  were  well  nourished  and  rendered  folly 
capable  of  labor. 

Among  these  methods  a  few  are  not  quite  free  front  objection,  and  others 
have  not  as  yet  been  tried  on  a  sufficiently  large  scale.  KeTertbelesa  tbs 
experiments  collected  thns  far  serve,  partly  bocause  of  their  nnmlter  and 
partly  because  of  the  methods,  to  correct  and  control  one  another,  and  also 
serre  as  a  good  starting-point  in  determining  the  diet  of  various  classes  and 
simUar  questions. 

If  the  quantity  of  foodstuffs  taken  daily  be  converted  into  calories 
produced  daring  physiological  combaation,  we  then  obtain  some  idea  of 
the  sum  of  the  chemical  potential  energy  which  under  varying  con- 
ditions is  introduced  into  the  body.  It  must  not  be  forgotten  tliat  tbt 
foo<l  IB  never  completely  absorbed,  and  that  nndigested  or  nnafawrfaed 
residues  are  always  expelled  from  the  body  with  the  fiHces.     The  grxm 

'  VircL.iw'a  Areli  .  Bil.  133.  auil  PflOger'a  Arch..  Bd.  (W. 

■  Zuiuz  nod  Lery.   "  Ikiing  sur  lC«uDlui!w  d.  Verdnulicbkelt,  etc..  des  Bnxti*." 
punter's  Arcli.,  BU.  49. 
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results  oF  calories  calculated  from  the  food  taken  mnst  therefore,  according 
to  KuHNEK,  be  diiniuisUed  at  least  8^. 

The  following  stinimary  contains  certain  examples  of  tlio  qaantity  of 
food  which  is  conaumed  by  individuals  of  varions  classes  under  difTereut 
coiiditionB.  lu  the  last  column  we  also  Und  the  quautity  of  living  force 
wliich  corresponds  to  the  <]uant>ty  of  food  In  iiiiestion,  calculated  as  calories, 
with  the  above-stated  correotion.  The  calories  are  therefore  net  resulta, 
while  the  figures  for  the  Dutritive  bodies  are  gross  resQlts. 


PntoiAii. 

Soldier  during  peace 119 

"       IlglUserTlce 117 

■'       iDfield 146 

Lnborer 130 

■'       Kt  rest. Vft 

Cabioet-maker  (40  years)...  181 

Yoiing  nliyilclati 137 

184 

Lalforor.    ..  \W 

EnslWi  tmltli 176 

pu({ili*l 288 

BavKrian  wihmI. chopper. . . .  135 

Lnltorer  Id  Stlesia 80 

8«ain«ireM  Iq  LoncloD 54 

8wedUh  Inborer 134 

Japiinc&G  aliiileiiL 88 

"        »1iopin&n 65 

It  18  evident  that  persons  of  eflsentially  different  weight  of  body  who  live 
nnder  nneqnal  external  conditions  must  need  essentially  different  food.  It 
is  also  to  be  expecte<l  (ind  this  is  confirmed  by  the  table)  that  not  only  the 
absolute  quantity  of  food  consumed  by  various  persona,  bnt  also  the  relative 
proportion  of  the  various  organic  nutritive  substancea,  shows  considerable 
Tariutiou.  Kesnits  for  the  daily  need  of  human  beings  in  general  cannot 
be  given.  For  certain  clasBcs,  such  as  soldiers,  laborers,  etc.,  results  may 
be  given  which  are  valuable  for  the  calcnlation  of  the  daily  rations. 

l!aae<l  on  eztensive  iuvestigations  aud  a  very  wide  experience,  VoiT  has 
pro^iosetl  the  following  areriigo  <{uaniities  for  tlio  dady  diet  of  adults: 

rrot«lda.  Fri.  CartiohrdrBtus.    Calorie*. 

For  mtii 1 19  grins.  Se  grma.  WJO  grins.  ^10 

Bat  it  should   be  remarked   that  these  data  relate  to  a  man  weigh- 


Tahlk  XII. 

ru. 

Oalorlrs.       AoihoHtjr. 

40 

5-J» 

27&4 

]M,ATTAIK.' 

U 

447 

U9i 

II 1  LIIKalllUH. 

46 

504 

sdss 

•• 

«) 

fl.W 

MU8 

>tOl.lMrHOTT. 

73 

3«S 

S4S8 

PKTTBNKOrEa  A  VOIT. 

tm 

4M 

38S-') 

FoHsTEa.' 

88 

36S 

260C 

■' 

103 

30-i 

M7« 

•• 

M 

423 

;»03 

" 

71 

666 

87WJ 

PtATFAJK 

m 

03 

218S 

'• 

20H 

876 

fiSSS 

LiKBIO. 

Ifi 

&fi2 

2&]rt 

Mki>brt.' 

*Jtt 

•in-i 

latw 

I'l.AlfAIU. 

7» 

4>S5 

3019 

Ilut-TUKEN  &  La5DERGREX.< 

14 

62'J 

S77« 

KlJKUAN.* 

6 

804 

1744 

Taw  A II  A.' 

'  In  regarri  tn  the  oliler  r«scaTclies  chad  ia  Ibb  table  w«  refer  tliv  render  to  Volt  la 
I       UenuiLDu'B  Hftnilbucti.  Dd.  6,  8.  $10. 

*  m,l..  anil  ZeitHcbr.  f.  IMnlogio,  Bd.  9. 
I  '  Amice-  uDd  Vol  k»er  nib  rung.     Berlin.  1890. 

'  *  UnkTMiirhung  tibrr  die  Kniahruiig  nchweilUclier  Arttelter  bcl  frel  gewahlter  Kosi, 

I       Slockliului,  1691.     Mul/.  Jnbreiber.  Bd.  21. 
\  ■  Cited  from  Kvllner  aud  Mori  Id  Zeluclir.  f.  Blologte,  Bd.  39. 
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in;  70  to  75  kiloe  and  who  was  engaged  daily  {or  ten  hours  iu  not  too 
fatiguing  labor. 

The  qnaQtitj  of  food  reqoired  by  a  voman  onf^ed  in  moderate  work  is 
aboat  four  Gfths  that  of  a  laboring  man,  aud  we  may  consider  tbe  following 
as  a  daily  diet  with  moderate  work: 

For  wumen 8-1  grira.  45  gruw.  400  jp'nu.  SMO 

The  proportion  of  fat  to  carbohydrates  is  here  as  1  :  ^0.  Sncb  a  pro- 
{Ktrtiou  occnrs  often  in  the  food  of  tlio  poorer  cIosbbs,  while  the  ratio  in  the 
food  of  wealthier  persona  is  1  :  3— t.  The  maximum  qoantity  of  carbo- 
hydrates in  the  food  must,  according  to  ^'oIT,  not  be  above  500  grms. ;  aud 
as  tbe  carbohydrates  besides  constitute  the  cfiief  part  of  the  often  very  balky 
Tegetiible  foods,  it  has  been  siig^ested  for  this  and  other  grounds  to  increase 
the  qnantity  of  fat  at  the  expense  of  tlie  carbohydrates  in  sacfa  nttious. 
lint  because  of  the  high  price  of  fat  such  a  modification  cannot  always  b« 
made. 

In  examining  tbe  abore  numbers  for  tbe  daily  rations  it  must  not  be 
forgotten  that  the  figitres  for  the  varions  foodstaffs  are  gross  resnlts.  They 
conseqneutly  represent  the  quantity  of  these  which  mast  be  taken  in,  and 
not  those  which  are  really  absorbed.  The  figures  for  the  calories  are,  on 
the  contrary,  net  restilts. 

Tbe  rarious  fooils  are»  as  is  veil  known,  not  equally  digested  and 
absorbed,  and  in  general  the  vegetable  foods  are  less  completely  consomed 
than  animal  foods.  This  is  es|}ecially  tme  of  the  proteids.  Wlien,  there- 
fore, YciT,  as  above  stated,  calcalates  the  daily  quantity  of  proteids  nesded 
by  a  laborer  afi  118  grms.,  he  starts  with  the  supposition  that  the  diet  is  a 
mixed  animal  and  vegetable  one,  and  also  that  of  the  above  118  grms. 
about  105  grms.  are  abuorbed.  The  results  obtained  by  PflCobb  and  his 
popils  BouLANu  and  BLEiitTRiar '  of  the  extent  of  the  metabolism  of 
proteids  in  man  with  au  optional  aud  sufficient  diet  correspond  well  with 
the  above  iignree,  when  the  uneqnal  weight  of  body  of  the  varioas  [lenons 
eiperimented  upon  is  sufiicicntly  conaiderod. 

Aa  a  rule,  tbe  more  exclasively  a  vegetable  food  is  employed,  tb« 
smaller  is  the  qnantity  of  proteids  iu  tbe  same.  The  strictly  vegetable  diet 
of  certain  people,  as  that  of  the  Japanese  and  of  the  so-called  vegetarians, 
is  therefore  a  proof  that,  if  the  qtmntity  of  food  he  sufficient,  a  {lerion  may 
exist  on  considerably  smaller  quantities  of  proteids  than  Voir  sn^jMta.  It 
follows  from  the  investigations  of  IIihschpeld,  Kumaoawa,  and  Klkh- 
PERSR  (see  page  571)  that  a  nearly  complete  or  indeed  a  complelo  nitrogt*1 
nous  equilibrium  may  he  attained  by  the  snfTicieut  administration  of  non- 
nitrogenous  nutritive  bodies  with  relatively  very  small  quantities  of  proteids. 


■  Boblana.  PUUger's  Arch.,  Bd.  88  \  Bleibireo.  ii>id.^  fid.  8H. 
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If  we  bear  in  mind  that  the  food  of  people  of  different  conntriea  Taries 
greatly,  and  that  tbe  individual  alfto  takes  euseutiall;  different  nourishment 
according  to  the  exteniul  conditions  of  living  aud  the  iuUiience  of  climate, 
it  is  nut  remarkable  that  a  jieniou  accustomed  to  a  mixed  diet  can  exist  for 
•ome  time  on  a  strictly  vegetable  diet  deticient  in  proteida.  Ko  one  donhU 
the  ability  of  man  to  adopt  himself  lo  a  licterogonconsly  compused  diet 
'irhen  this  is  not  too  difficult  of  digestion  and  ie  auiTiciont  in  <|uaTitity  ;  hub 
this  ability  does  not  fnrniah  a  good  reason  for  essentially  altering  the  figures 
suff^ested  by  Voit.  Although  man  may  be  satisfied  under  certain  circnm- 
etances  with  a  smaller  quantity  of  proteid  than  that  calcnlated  by  VoiT, 
«ti1I  it  does  not  follow  that  such  a  diet  is  also  tbe  most  eerviceable.  VoiT's 
figures  are  only  given  for  certain  casue  or  certain  categories  of  haman  beings. 
It  is  apjiarent  thul  other  figiired  mtist  bo  taken  for  other  ca»es,  and  it  la 
evident  that  the  daily  ration  gi^en  by  Vuit  as  necessary  for  a  kliorer  must 
be  altered  slightly  for  other  countries  hecauso  of  tbe  existing  conditions  in 
middle  Knrope,  where  Voit  matle  liis  ittvestigations.  The  numerous  com- 
pilations (of  Atwateb  and  others ')  on  the  diet  of  different  families  in 
America  hare  given  the  figaros  97-113  grma.  proteid  for  a  man,  and  the 
Tery  carefnl  investigations  of  TItltuhrn  and  Landeroren  have  shown 
that  the  lab<.irer  in  Sweden  witli  moderate  work  and  an  avonige  bodv 
weight  of  70.3  kilos,  with  optional  diet,  partakes  134  grms.  proteid,  79 
^rms.  fat,  and  5'-!'^  grms.  carbohydrates.  The  qnantity  of  proteid  is  here 
greater  than  is  necessary  according  to  Voir.  On  the  other  hand  Lapjcque' 
fonnd  07  grms.  proteid  for  Ahyssiniaas  and  81  grme.  for  Afalaysians  (per 
body  weight  of  70  kilos),  materially  lower  figares. 

If  we  compare  the  ligoree  of  Table  XII  wiUi  the  average  figares  proposed 
by  Voit  for  the  daily  diet  of  a  laborer,  it  would  seem  at  the  tirst  glance  as 
if  the  coQsamed  food  in  certain  csmh  was  considerably  in  excess  of  the  need, 
while  in  other  cases,  as  for  instance  that  of  a  seamstress  in  Jjoudoii,  it  was 
«ntirely  instifllcient.  A  jtositive  conclusion  cannot,  therefore,  be  drawn  if 
ve  do  not  know  the  weight  of  the  body,  as  well  as  the  labor  performed  by 
tbe  person,  and  also  the  conditions  of  living.  It  is  certainly  true  that  the 
amonnfc  of  nutriment  required  by  the  hotly  is  not  directly  proportional  to 
tbe  bodily  weight,  for  a  small  body  consumes  relatively  more  snbstance  Llian 
A  larger  one,  and  varying  qaantities  of  fat  may  also  canse  a  difference;  hut 
a  large  body,  which  mast  maintain  a  greater  quantity,  consuiries  an  ubao- 
lately  greater  quantity  of  snbstance  than  a  small  one,  and  in  estimating  the 
Butritive  need  one  mnst  also  always  consider  the  weight  of  tbe  body. 


*  Atwatcr,  Rqiorl  of  llie  Storra  Agrlc.  Bxpt.  StaliOD,  Ooon..  1$01-18M  and  laW ; 
■Iso  Kiilriiina  Iiivvstignllotii  at  tlie  University  of  Teanenee,  1890  and  1897;  V.  S. 
Depart,  of  AgriciiUnre,  Bull.  59,  li^98. 

*  Bullgrea  and  Lauiltrrgrcn .  I.  c:  Lsploiue,  Arcb.  de  Pliyslol.  {5),  Tome  A. 
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According  to  Voir,  the  diet  for  a  laborer  Tfith  70  kiloe  bodily  weiglit 
requires  40  calories  for  each  kilo.  Ordiuarilj  iu  resting  fauman  beings 
the  nutritive  deiiiaud  is  geiiei-ally  calculated  aa  30  calories  per  kilo.  The 
mtuimum  fignre  for  metaboIiBin  during  Kleep  and  in  m  complete  rest  as 
possible  has  1)««u  foand  by  Sond£n,  Tioubstedi  and  Jouakssox*  to  be 
24-'25  calories. 

As  several  times  stated  above,  the  demands  of  the  body  for  nourishmeut 
Yary  with  different  conditLons  of  the  body.  Among  these  conditions  two 
are  especiftlly  i?n])ortaut,  namely,  work  ami  rest. 

Id  a  prerioiiK  chapter,  in  ivliich  imiHOiilar  labor  was  spoken  of,  it  vas 
seen  that  the  generally  accepted  view  is  that  tion- nitrogenous  food  is  the 
most  essential,  if  not  the  sole,  eonrce  of  maacntar  force.  As  a  natnral 
8e<pioncc  it  ia  to  be  ex|)ectud  tliat  iu  activity  the  nou-nitrogetions  fowls 
before  all  must  be  increasetl  in  the  daily  rations. 

Still  tliis  doett  tiot  Heeni  to  huld  trrte  iu  daily  experience.  It  ia  a  well- 
known  fact  that  hard-wurkiiig  iudividnals— riieii  and  animals — require  a 
greater  quantity  of  proteids  in  the  food  than  less  active  ones.  This  contra- 
diction is,  howorer,  only  apparent,  and  it  depends,  as  Vuit  has  shown,  npon 
the  fact  that  individuals  nsed  to  violent  work  are  more  muscular.  For 
thia  roa£ou  a  person  porfonniug  sevore  muscular  lal>or  requires  frHtd  coDtain- 
iug  a  larger  projiortiou  of  prot«ids  than  an  individnal  whose  occiipatioa 
demanda  less  violent  exertion.  Another  qaestion  is,  how  should  th« 
relative  and  ab&oUite  quimtity  of  food  be  changed  if  increased  exertion  be 
demanded  of  ocie  aud  the  same  individual? 

Au  answer  bused  upon  experience  may  be  found  in  statistics  concerning 
the  maintenance  of  Boldiers  in  peace  and  war.     Many  such  data  are  obtain- 
able.    In  a  crittciil  examiuution  of  the  same  it  is  found  tliat  in  war  ratioits 
the  quantity  of  non -nitrogenous  bodies   as  compared  with   the  proteids 
is  only  increased  in  exceptionid  cases,  while  nsnally  the  reverse  is  the  case. 
Even  in  these  coses  the  actual  proportion  does  not  corroepond  with  ths 
theoretical  demand,  upon  which,  however,  too  great  stress  must  not  be 
laid,  aiuoe  \n  the  caKO  of  soldiers  in  the   field  many  other  circomstancflBJ 
are  to  be  considered,  such  as  the  volume  and  weight  of  the  food,  etc.,  etc.kj 
which  cannot  here  be  more  closely  discnssed.     The  following  table  shoniJ 
the  average  resnlts  of  soldiers*  rations  in  war  and  peace  from  the  data  givea 
for  various  coantrios.'    These  average  reealts  also  include  the  fignree  for 
Sweden. 


'  SoDdva  and  Tlgerstedt.  8k&Dd.  Arch.  f.  Physiol..  Bd.  9 ;  Johuinon,  ibid..  Bd.  7} 
Tlgenledt,  KoH.  Med.  Arklv.  Fcsihand.  1897. 

■  Qenuuuy.  Ausirin,  SwUzerlaad,  France,  Italy,  Russli,  and  the  nailed  Sutea 
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Table  XIII. 

A.  FMce  R&tioD.  B.  Wkr  RAtion. 

Proteids.  Fat.  Carb.  Proteids.  Fat.  Carb. 

Mluimum 108  23  604               126  88  484 

Maximum 165  97  731               197  95  688 

Mean 180  40  551               146  59  657 

Sweden 179  103  691               202  187  665 

If  we  do  not  consider  the  very  liberal  rations  for  the  soldier  in 
Sweden,  and  if  we  simply  adhere  to  the  abore  mean  figares,  we  obtain  the 
following  resalts  for  the  daily  rations: 

Protelds.  Fat.  Carb.  Calorfea. 

lu  peace 180  40  551  3900 

iQwar 146  59  657  8350 

If  we  calcalate  the  fat  in  its  eqaivalent  quantity  of  starch,  then  the 
relation  of  the  proteida  to  the  non-nitrogenons  foods  is: 

lu  peace 1  :  4.97 

In  war 1  :4.79 

The  proportion  is  nearly  the  same  in  both  cases;  the  slight  difference 
which  ocenra  shows  a  trifling  relative  increase  in  the  proteids  in  the  war 
ration.  On  the  contrary,  as  is  especially  apparent  from  the  total  of  the 
calories,  the  total  quantity  of  nutritive  bodies  Is  greater  in  the  war  than  in 
the  peace  ration. 

Aa  more  work  reqnires  an  increase  in  the  abaolnte  quantity  of  food,  so 

the  quantity  of  food  must  be  diminished  when  little  work  ia  performed. 

The  question  as  to  how  far  this  can  be  done  is  of  importance  in  regard  to 

the  diet  in  prisonB  and  poorhouses.    We  give  below  the  following  as  example 

of  such  diets: 

Table  XIV. 

.  Proteids.       Fat.  Carb.  Calorlea. 

Prisoner  (not  working) 87  22  SOS  1667    SCHtrsTBR.' 

....  85  80  800  1709    Voit. 

Man  In  poorhouse 92  45  832  1965    Fokbtbr.* 

Womania    "        80  49  266  1725 

The  figures  given  by  Voit  are,  he  says,  the  lowest  reported  for  a  non- 
working  prisoner.  He  conaiders  the  following  as  the  lowest  diet  for  old 
non- working  people: 

ProMids.        Fat.  Carb.         Calories. 

Men 90  40  850  2200 

Women 80  85  800  1788 

In  calcnlating  the  daily  diet  it  is  in  most  cases  sufficient  to  ascertain 
how  mnch  of  the  varioua  foodstuffs  mnat  he  daily  administered  to  the 
body  to  keep  it  in  the  proper  condition  to  perform  the  work  required 
of  it.     In  other  cases  it  may  be  a  question  of  improving  the  nutritive  condi- 

■  See  Yolt,  TTDterauchung  der  Kost     MQncbeD,  1877.    8.  142. 
■i&«f..S.  186. 
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tioii  of  t^e  body  by  properly  selected  food;  but  we  aUo  have  ca^ea  in  which 
it  ifl  desired  to  diDiiiitsb  the  mass  or  weight  of  the  tmdy  hy  an  insafficieut 
luitritioa.  This  is  especially  the  cose  in  obesity,  and  all  the  dietaries 
jtroposed  for  this  imrpose  are  chiefly  atarvatioii  cnres. 

The  oldest  aiid  moat  generally  knonru  diet  care  for  corpalencj  is  that  of 
TlAnvEY,  which  ia  ordinarily  called  the  Uastixq  method.  The  jtrincijile 
of  tliis  cure  consiBts  in  increasing,  ui  far  as  possible,  the  consumption  of  the 
accumulated  fat  of  the  Iwdy  by  tis  limited  a  supply  of  fat  and  carbohydrate* 
aa  ]>racticuble  iind  \i  KlitiultHneoiisly  increased  supply  of  proteids.  A  second, 
called  EiiSTJ^iN'ti  cure,  is  baaed  on.  the  asaomption  (not  correct)  that  the  fat 
of  the  food  ia  not  accamalated  in  a  body  rich  in  fat.  but  is  completely 
burnt.  In  thia  onre  large  cjuantiticB  of  fat  are  therefore  allowed  in  the 
food,  while  the  quantity  of  carbohydrates  is  diniinisbed  Terr  materially. 
TThe  third  cure,  caileil  Okutel's'  cure,  is  based  on  the  correct  Tiew  that  a 
•certain  r|iiaiittty  of  earliitliydrates  liim  no  ;^reater  influence  in  the  acrnmuk- 
4ion  of  fat  than  the  isodynamic  f^nantitics  of  fat.  In  this  cure,  therefore, 
carbohydrates  as  well  as  fat  are  allowed,  provided  the  total  qnantitj  of  the 
Kamu  \a  not  ho  great  as  to  hiiidor  tho  decrease  in  the  fatty  condition.  A 
greatly  diminished  sopply  of  water  is  also  one  of  the  featores  of  Oebtel'b 
cure,  especially  in  certain  cases.  The  arerage  quantity  of  the  rarioas 
nutritive  substances  supplied  to  the  boily  in  these  three  cures  ia  as  foUowi, 
and  we  give  also  for  comparison  in  the  same  table  Voit's  diet  naooBaary  for 
&  laltorer: 

PMtoIda.  VkL  Ckrh.  OUorlM. 

HAtt\'KT-BArjTiNo"9cure 171  8  76        KiM 

£«8TKii|-B  cure 102  95  47  1891 

OBRT&t.'H    ■■    156  23  7S  1134 

■•    (max.) 170  44  114        1.W7 

Lnborer.  rxocordlng  to  VOiT 118  50  500  S810 

If  the  fat  in  all  cases  is  recalculateil  in  starch,  then  the  proportion  of 
the  protefda  to  the  t^orbo hydrates  is: 

HAKTKT-DANTiMo'scure lOO  :    M 

SfltfTBEH's  cure 100:240 

OlwrttL's     *    100:80 

"    (maa.) 100:129 

Laborer 100  :  MO 

In  all  thefte  cures  for  corpulence  the  quantity  of  non*nitrogenons  bodiM 
!b  diminisbed  as  compared  with  tho  proteids;  bat  also  the  total  quantity 
■^f  food,  as  is  shown  by  the  nnmber  of  calories,  is  considerably  diminished. 

Harvey-Bantiso's  cure  differs  from  the  others  in  a  relatively  Tety 
.mnch  greater  quantity  of  proteida,  while  the  total  uumber  of  calories  in  it 


■  Banting,  Letter  oa  Corpuleace,  Londoo,  18M:— EbsUlo,  Die  Fettliebij;kei[  aad 
alire  Bebaodlang.  1883  ; — Oertcl.  Handbucb  derail^,  llierapje  der  KraialanritOrungea. 
J88i 
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is  the  emallest.  On  this  accoant  this  ctire  acts  very  qnickly;  hat  it  is 
therefore  also  more  dangerous  and  more  difficult  to  accomplish.  In  this 
regard  Ebstein's  and  Oert£:l'b  cnres  (especially  Oebtel^s),  having  a 
greater  variation  in  the  selection  of  food,  are  better.  As  the  adipose  tissue 
has  a  proteid-Bparing  action,  we  have  to  consider  in  using  these  cures, 
especially  Banting's,  that  the  deetmction  of  proteids  in  the  body  is  not 
increased  with  the  decrease  in  the  adipose  tissue,  and  one  must  therefore 
carefully  watch  the  elimination  of  nitrogen  by  the  urine.  All  diet  cnres  for 
obesity  are  moreover,  as  above  stated,  starvation  cures;  and  if  the  daily 
quantity  of  food  required  by  an  adult  man,  represented  as  calories,  is  in 
round  numbers  2500  calories  (according  to  the  average  figures  found  by 
FoBSTEB  in  the  case  of  a  physician),  then  one  immediately  sees  what  a  con- 
siderable part  of  its  own  mass  the  body  must  daily  give  up  in  ibe  above 
cnres.  This  reminds  us  of  the  great  care  necessary  in  employing  them; 
each  special  case  should  be  conducted  with  regard  to  the  individuality,  the 
weight  of  the  body,  the  elimination  of  nitrogen  in  the  nrinejietc.,  etc.,  and 
always  under  strong  control,  and  only  by  a  physician,  never  by  a  layman.  A 
more  detailed  discussion  of  the  many  conditions  which  must  be  considered 
in  these  cases  does  not  enter  into  the  plan  and  scope  of  this  work. 
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FOOD  TABLES. 
TABLE  I.— FOODS.' 


1.  Animal  Foodgtuffa. 


a.  Flbsh  ■withodt  Bones. 

Fat  beef* 

Beef  (aTerage  fat ') 

Beef» 

Corned  beef  (averaKe  fat) 

Veal 

Horse,  salted  and  smoked 

Smoked  liam  

Pork,  suited  and  smoked  * 

Flesh  from  hare*. 

'*        "     chicken 

"     partridge 

"        "    wild  duck 

h,  Flbbh  with  Bovbb. 

Fat  beef 

Beef,  Average  fat ' 

Beef.  BlightTy  corned 

Beef,  thoroughly  corned 

MultoD,  very  fat 

' '        averngc  fat 

Pork,  fresh,  fat . 

Pork,  corued,  fiit 

Smoked  hum 

e.  FiBSES. 

River  eel,  fresh,  entire 

Salmon,        "         "    

Aucliovy,     "         "     

Flounder,     "  "     

River  perch,"  "     

Torsk,  "  "     

Pike,  "  *■     

Herring,  sailed,  entire 

Anchovy,     "  "      

Salinnn  (side),  salted 

Kahel jau  (salted  haddock) 

Codfish  (dried  ling) 

"       (dried  torsk) —  . 

Fish-meal  from  variety  of  Gadub. 


1000  Pfttta  coDtoIo 


■a  J 


183 
196 
190 
218 
190 
818 
255 
100 
288 
19& 
2S8 
246 


IBS 
167 
175 
190 
135 
160 
100 
120 
200 


89 
131 
128 
145 
100 
86 
83 
140 
116 
300 
346 
532 
665 
736 


166 

98 

120 

IIS 

80 

65 

806 

660 

11 

98 

14 

81 


141 
83 
98 
100 
333 
160 
460 
540 
300 


230 

67 

89 

14 

2 

1 

1 

140 

48 

108 

4 

6 

10 

7 


s 


11 

18 

18 

117 

18 

125 

100 

40 

12 

11 

14 

IS 


9 

15 

85 

100 

6 
10 

5 
60 
70 


6 

10 

11 

11 

8 

8 

6 

100 

107 

132 

178 

106 

69 

87 


640 
688 
672 
550 
717 
493 
280 
180 
744 
701 
719 
711 


644 
585 
480 
430 
437 
530 
365 
200 
340 


862 
469 
489 
580 
440 
435 
461 
280 
334 
460 
473 
357 
116 
170 


150 

150 

167 

180 

88 

150 

70 

80 

90 


333 
333 
333 
250 
450 
450 
450 
340 
400 
100 
100 
100 
ISO 


BeUUonihlp  of 


100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 


100 
100 
100 
100 
100 
100 
100 
100 
100 


100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 


:3 


90 
60 
68 
58 
43 
20 
143 

e«o 

5 
48 

6 
13 


90 
49 
58 
53 

246 
100 
460 
450 
160 


246 

66 

31 

9 

2 

1 

1 

100 

87 

64 

1 

1 

I 

1 


■  The  resulia  in  th«  following  tables  are  chlefl;  compiled  from  the  Bummftry  of  Auttn  and  (4 
ESNia,  We  here  designate  as  "  waste  "  ttae  part  of  the  foods  which  Is  lost  In  the  preparailon  of  tb» 
food  or  that  which  Is  not  used  by  the  body ;  for  Instance,  bones,  akin,  egK-shella,  and  the  cellnlon 
v«KBtable  foods. 

*  Meat  such  as  Is  ordlnarllr  gold  io  the  markets  in  Sweden. 

■  Bt^r  such  as  is  delivered  bj  large  purverors  to  public  Institutions  Io  Sweden, 

Pork,  chleflr  from  the  breast  and  belly,  such  as  occurs  in  tbe  rations  of  Bwedlsb  soldlen. 


ANIMAL  AND   VEGETABLE  FOODS. 
TABLE  I.—FOO'DS.~{Continued.) 
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1.  Animal  foodBtnffi. 


1000  Pwts  contain 


RelKtlonahlp  of 


II 


:a 


d.  Ikneb  Osqanb  (Fbbbh). 

Brain  

Beef-liver 

Beef  heart 

Heart  aud  lungs  of  mutton 

Veal-kldney 

Ox-toDgue  (f resb) 

Blood     from     various     animals 

(average  results) 

e.  Otheb  Akiual  Foodb. 
Variety  of  porb-sausageoiettwurtt). 

Same  for  frying 

Butter 

Lard 

Meat  extract 

Cow's  milk  (full) 

"    (skimmed) 

Buttermilk 

Cream 

Cheese  (fat) 

"      (poor) 

Wiley  cheese  (poor) 

Hen's  egg,  entire 

"        "    wlthoutsbell 

Tolk  of  egg 

White"     •'  

2.  Vegetable  Foodstuffii. 

Wheat  (grains) 

Wheat-Uour  (fine) 

"  (very  fine) 

Wheat-bran 

Wheat-bread  (fresh) 

Hacaroni 

Rye  (grains) 

Rye-dour. 

Rye-bread  (dry) 

"       "     (fresh,  coarse) 

"     (fresh,  fine) 

Barley  (grains) 

Scotch  barley 

Oat  (grains) 

Ont  (peeled) 

Corn 

Rice  (peeled  for  boiliog) 

French  beans 

Peas  (yellow  or  green,  dry) 

Flour  from  peas 

Potatoea 

Tumlpa 


116 

196 
184 
I6» 
S31 
150 

18S 


190 

220 

7 

8 

804 

85 

8S 

41 

87 

280 

884 

89 

106 

123 

160 

108 


108 
56 
92 

106 

88 

170 

3 


150 
160 
800 
S90 

85 

7 

9 

257 

270 

66 

70 

08 

107 

807 

7 


128 

17 

110 

10 

93 

11 

ISO 

89 

88 

10 

90 

8 

115 

17 

115 

15 

114 

20 

77 

10 

80 

14 

HI 

21 

110 

10 

117 

60 

140 

60 

101 

68 

70 

7 

283 

21 

320 

15 

370 

16 

20 

3 

14 

2 

11 


50 

60 

88 

85 

40 

50 

456 

4 

5 


676 
740 
768 
489 
650 
768 
688 
720 
726 
480 
614 
654 
720 
668 
660 
656 
770 
687 
680 
630 
20O 
74 


n 

17 
10 
10 
13 
10 


50 
55 
15 

176 

7 

7 

7 

6 

60 

50 

56 

8 

10 

18 

8 


18 

8 

8 

■50 

17 

8 

18 

20 

15 

16 

11 

26 

7 

80 

20 

17 

3 

86 

25 

26 

10 

7 


770 
730 
714 
731 
728 
670 

807 


610 
665 
119 
7 
217 
878 
901 
905 
665 
400 
600 
829 
654 
756 
520 
675 


140 
120 
120 
180 
880 
131 
140 
110 
110 
400 
870 
140 
146 
180 
100 
140 
146 
187 
150 
125 
760 
898 


186 


26 

12 

6 

193 

6 

33 

20 
16 
17 
11 
48 

7 

100 

20 

28 

5 
87 
60 
46 

8 
10 


100 
100 
100 
100 
100 
100 

100 


100 
100 
100 
100 

100 
100 
JOO 
100 
100 
100 
100 
100 
100 
100 
100 


100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 


89 
38 
50 
65 
17 

lis 


79 
78 

13100 
88000 

100 
30 
22 

695 

117 
19 
79 
88 
88 

193 
7 


14 
11 
13 
26 
11 

8 

15 
18 
18 
14 
18 
19 

9 
51 
48 
57 
10 

9 

7 

e 

10 
14 


0 
0 

100 
0 

148 

148 

98 

95 

17 

15 

613 

4 

4 

0 

7 


64g 

664 
880 
292 
635 
868 
600 
626 
684 
628 
684 
089 
654 
481 
471 
663 

1100 
381 
340 
193 

1080 
529 
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FOOD  TABLES. 


TABLE  l.—¥OQJ>S—{Continu€d), 


2.  Vegetable  Foodstnffs. 


tJarrot  (yellow) 

Cauliflower 

'Cablmge 

Beans 

Bplnach 

Lettuce 

Cucumbers 

Radiahea 

Edible  mushrooms  (average) . . . 
Same  dried  Id  tbe  sir  (aTerage). . . 

Apples  and  pears 

Vnrioue  berries  (average) 

Almonds 

Oocoa 


1000  Parts  contain 


10 
25 
19 

a? 

81 

14 

10 

12 

8-2 

210 

4 

fi 

242 

140 


2 
4 

2 
1 

8 

1 

1 

4 

25 


687 

480 


II 

3^ 


90 

50 

49 

66 

88 

22 

28 

88 

60 

412 

180 

90 

72 

160 


10 
8 

12 
6 

19 

10 
A 
7 
9 

61 
8 
6 

29 

60 


Balationshlp  at 


878 

15 

904 

0 

900 

18 

888 

12 

90O 

8  ■ 

944 

7 

956 

6 

9:14 

8 

877 

18 

160 

123 

883 

81 

849 

60 

54 

66 

6S 

95 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 


20 
IS 

11 

4 
16 
21 
10 

8 
12 
13 


843 


900 
300 
358 

2U 

106 

ICT 

380 

817 

188 

IBS 

3230 

1800 

•0 

139 


TABLE  IL— MALT  UQUORS. 


ICW  Pirta  bj  WvlRht  coDtaln. 


Porter 

Beer(SweaJBli). .. .. ..., 

"    (SwiHliBli  export). , 

DraitglU-bter 

LngiT-beer 

BocIl  beer . . . . , 

Weiss- l>ecr 

Bffcdisb  "Svagdricka" 


it 

Sis 

1 

■< 

s 

£1 

1 
I 

Si 

a 
1 

i 

3 

a 
S 
o 

871 

3 

54 

76 

7 

13 

3.0 

— 

887 

28 

J. 

15 

65 

_^_ 

_ 

88.1 

3^ 

7 

78 

— 

— 

911 

2 

35 

55 

8 

10 

31 

2.0 

3 

903 

2 

40 

58 

4 

7 

47 

1.5 

2 

sei 

2 

47 

73 

a 

13 

— 

],7 



9IG 

3 

25 

59 

& 

—     — 

4.0 

— 

945 

— 

22 

7 

S 

S 

— 

— 

—       4 

B 
3 
S 
3 

3 


W1NB8  AND  OTHER  ALCOHOLIC  LIQV0B8. 
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TABLE  III.— WINES  AND   OTHER  ALCOHOLIC   LIQUORS. 


1000  Parts  bT  Weight 
contaiii. 


Bonleiiux  wtne 

Wliiie  wine  (Kheiognu). . 

Cliampagne 

Ittiiiie  wiue  (aparkllng). . 

Tokfty 

Bherry  

Porl-wiDe, 

Madeira 

MarsnU 

Swedish  puach 

Brandy 

Freucu  cognac 

Llqaeura 


8B8 
868 
776 
801 
808 
795 
774 
791 
790 
479 


,s 
■S  •- 

la 


94 
115 

90 

94 
120 
170 
164 
156 
164 
268 
460 
650 
443-5001 


28 
23 
184 
105 
72 
85 
62 
68 
46 


IS 


6 
4 

115 
87 
51 
15 
40 
88 
85 

833 


360-475 


5.9 

Ti.O 

0.0 

1.0 

6.0 

1.0 

7.0 

0.0 

6.0 

6.0 

4.0 

2.0 

5.0 

8.0 

5.0 

4.0 

60-7a 


696  INDBX  TO  BPBCTRUM  PLATS, 


SPECTKITM  PLATE.    . 

1.  AbwrptloD  spectrum  of  a  soIuUod  of  oxyitamogU^n. 

8.  Absorption  Bpectrum  of  a  solution  of  hamogkiiin,  obtained  by  the  action  of  an 

ammoniacal  ferro-tartrate  solution  on  an  osybsetnogloblQ  solution. 
8.  Absorption  spectrum  of  a  faintly -alkaline  solution  of  methamoglcbin. 

4.  Absorption  spectrum  of  a  solution  of  hamatin  in  ether  containing  oxalic  acid. 

5.  Absorption  spectrum  of  an  alkaline  solution  of  lutmatin. 

6.  Absorption  spectrum  of  an  alkalioe  solution  of  hctmoehromogen,  obtained  by  th6 

action    of  an    ammoniacal    ferro-tartrate    solution    on    an    alkaline-bsematlii 
soluttoD. 

7.  Absorption  spectrum  of  an  acid  solution  of  uroinlin, 

8.  Absorption  sptctrum  of  an  alkaline  solution  of  uro^in  after  the  addition  of  « 

zinc  chloride  soiutiou. 

9.  Absorption  spectrum  of  a  solution  of  lutein  (ethereal  extract  of  the  egg-yolk). 


B    c  n 


*    «     ^ii    IS     lii    «•    tv     n    m    »»    m    w     vr    n    ?«   If  j- 


E    b  F 


INDEX. 


AbaorptioD,  304—315 

,  action  of  putrefactive  processes 
in  the  intestine  on,  298,  290 
Absorption  ratio,  153 

of    the    blood    pigments, 
154 
Acetanilid,  behavior  in  animal  body,  479 
Acetic  acid  in  intestinal  contents,  293 
in  gKstric  juice,  200 
in  gastric  contents,  260,  275, 
279 
.passage  of,  into  urine,  459,470 
Aceto-acetic  acid.     Bee  Diacetic  acid. 
Acetone,  508 

in  blood,   108 
in  urine,  500,  508 
Acetonuria,  606,  508 
Acetophenon,  behavior  in  body,  482 
Acetylene,  compound  with  hemoglobin,  147 
Acetyl  equivalent,  97 
Acetyl  acid  equivalent,  07 
Acetyl-amido  benzoic  acid,  481 
Acholia,  pigmentary,  240 
Achromatin,  106 
Achroo-dextrin.  89,  253 
Acid  albuminates,  16 

,  properties,  31 — 33 
,  formation  in  peptic  di- 
gestion, 265,  266 
,  absorption  of,  304 
Acid  amides,  behavior  in  the  animal  body, 

476 
Acid  equivalent,  97 
Acid  fermentation  of  urine,  613 
Acid  rigor,  346 
Acids,    organic,    behavior    in    the    animal 

body,  408,  450,  476 
Acidity  of  urine,  407,  408,  468 

of  the  gastric  contents,  270 
of  the  muscles,  332,  346 
Acrite,  79  * 

Acrolein,  93 
Acrolein  test,  93,  96 
Acroses,  79 

Acrylic  acid  diureid.    See  Uric  acid. 
Actiniochrom,  626 
Adamkiewiez'a  reaction,  27 
Adelomorpbic  cells,  267 


Adenin,  116 

,  properties,     reaction,    and     occur- 
rence, 119 
in  urine,  435 
Adenylic  acid,  109 
Adhesion,  importance  in  blood  COftsulation, 

162,  103 
Adipocere,  327 
A^gTopila.,  303 
.^rotonometric  method,  541 
Age,  influence  on  metabolism,  679,  680 
Alanin,  66 
Albamin,  22 
Albumins,  16 

,  general  properties,  30 
.  Bee  also  the  various  albumins. 
Albumin,  detection  of,  in  urine,  484,  486 

,  quantitative  estimation  in  urine, 

468 
.  See  Proteids. 
Albuminates,  16 

,  properties       and      reactions, 

31—33 
,  ferruginous  albuminate  in  the 
spleen,  199 
Albuminoids,  16,  61 

in  cartilage,  317,  320 
in  the  lens  fibres,  367 
Albumoids,  16,  51 

in  tracheal  cartilage,  62 
in  lens  fibres.  367 
Albuminose,  in  spermatozoa,  372 
Albuminous  bodies.    See  Proteids. 
Albuminous  glands,  249 
Albumoses,  16 

,  general  properties,  33 — 42 

,  production   in   putrefaction   of 

proteids.  294 
,  formation  In  peptic  digestion, 

265 
,  formation  in  tryptic  digestion, 

289 
,  relationship   to  coagulation  of 

blood,  166,  167 
,  nutritive  value.  671,  672 
,  absorption  of,  304—306 
,  transformation    of,    into    pro* 
teid,  306 

S97 
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Albumofles,  occurrence  in  urine,  487 
Alcapton  and  alcaptonuria,  446,  451,  452 
Alcohol.     See  Ethyl  alcohol. 
Alcohols,  behavior  in  animal  body,  477 
Alcoholic  fermentation,  10,  76 

in  intestine,  294 
-     in  milk,  302 
Aldehydes,  behavior  in  the  animal  body, 

477 
Aleuron  grains,  370 
Alexines,  14,  181 
Aldoses,  72,  74 

Alimentary  glycosuria,  220,  308 
Alizarin  in  the  urine,  483 
Alizarin  blue,  behavior  in  the  tiaeues,  S 
Alkali  albuminates,  IS 

,  properties     and     reac- 
tions, 31—33 
,  occurrence   in  the  egg 

yolk,  377 
,  occurrence        in       the 

brain,  358 
,  occurrence    in    smooth 

muscles,  366 
,  absorption  of,  303 
,  Lieberkdhn's  alkali  al- 
buminate, 32 
Alkali     carbonates,     physiological     impor- 
tance, 665 
,  importance     for    gas- 
eous exchange, 
632— S34 
,  action  on  secretion  of 

gastric  juice,  259 

,  action  on  secretion  of 

pancreatic  j  uice,  283 

.  See      various      tissues 

and   fluids. 

Alkalies,  relation  to  gaseous  exchange,  160 

,  diffusible    and    non-diffusible    in 

blood,  135,  158 
,  divii^ion    of,   in    blootl    corpuscles 

and  plasma,  168,  170 
.  Sec   hIro   the   various   fluids   and 
tissues. 
Alkali  phosphates  in  urine,  407,  408,  432, 
460 
,  occurrence.       See       the 
various    fluids    and 
organs. 
Alkali  urates,  408,  432 

in  calculi,  517,  518 
in  sodinients,  408,  432,  614, 
615 
Alkaline  earths,  elimination  bv  the  intes- 
tine, 466.  "467,  472 
in  urine,  48,3 
in  bones,  321,  322 
,  insufficient  supply  of,  324 
Alkaline  fermentation  of  urine.  514 
Alkaloids,  action  on  muscles,  .146 

,  pasnagc  of,  into  urine,  483 
,  retention  by  the  liver,  206 


Allantoic  fluid,  384 

Allantoin,  properties  and  occurrence,  439, 
440 
in  transudations,  193,  384 
',  formation  from   uric  acid,  428; 
439 
Alloxan,  426,  433 
Alloxuric  bases,  113,  435 
AUoxuric  bodies,  114,  429 
Alkylautphide  in  the  skunk,  527 
Almen-66ttger-Ny lander's    sugar    teat,   81, 

497 
Amanitin,  103 
Ambergris,  304 
Am  brain,  304 

Amido  acids,  relation  to  formation  of  urie 
acid,  429 
,  relation  to  formation  of  urea, 

412,  476 
,  formation     in     putrefactioa, 

20,  294 
,  formation  from  protein  sub- 
sUncea,    16,    17—21,   62— 
68,  294 
,  formation    in    tryptie   diges- 
tion, 289 
Amido-acetic  acid.     See  GlycocoU. 
Amido-benzoic  acids,  behavior  in  the  aai- 

mal  body,  480 
Amido-caproic  acid.    See  Leucin. 
Amido-cinnamic  acid,  478 
Amido-ethyten-lactic  acid.     See  Serin. 
Amido-o.\yethyl      sul  phonic      acid.        See 

Taurin. 
Amido-phenyl-acetic  acid,  behavior  in  ini- 

mal  body,  479 
Amido-phenyl  propionic  acid,  formation  in 

the  putrefaction  of  protcids,  20,  441 
Amido-phenyl   propionic   acid,  ttehavior  la 

the  anima'l  body,  478,  479 
Amido    pyrotartaric    acid.      See    Glutamic 

acid. 
Amido-succinic  acid.    See  Aspartic  acid. 
Amido  thiolactic  acid,  behavior  in  the  ini- 

mal  body,  477 
Amidulin,  87,  263 
6-umino-2'Oxypurin.  118 
Ammonia,  formation  in  proteid  putrche- 
tion,  294 
,  formation     from     protein    sub- 
stances, 18,  19,  289,  294 
,  formation  in  tryptie  digestion, 

289 
,  occurrence   in  blood,   172,  113. 

470,  471 
,  occurrence    in    urine,   408,  4U. 

416.  428,  420.  47i 
,  elimination  after  adminiatntion 

of  mineral  acids,  4U8,  471 
,  elimination   in  diseases  of  tbe 

liver,  411,  416 
,  after  extirpation  or  atrophy  of 
the  liver,  415 
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Ammonia,  estimation  of,  in  urine,  472 
Ammonium  chloride,  action  oa  metabolism, 

577 
Ammonium  salts,  relation  to  formation  of 
glycogen,  214 
,  relation  to  formation  of 

urea,  412—414 
,  relation  to  formation  of 

uric  acid,  42S 
,  relation  to  permeability 
of  the  blood  corpus- 
cles, 160 
Ammonium-magnesium   phosphate  in  uri- 
nary calculi,  510 — 518 
Ammonium-magnesium    phosphate   in    uri- 
nary sediment,  514 — 516 
Ammonium  sulphate,  method  of  separating 
albumoses,  37,  41 
,  method  of  separating 
carbohydrates,    38, 
89,  212 
Ammonium    urate    in    urinary    sediments, 
514,  515 
in  urinary  calculi,  517 
Amniotic  fluid,  384 
Amphicreatin,  34! 
Ampbopeptone,  36 
Amyl  nitrate,  poisoning  with,  ISO 
Amvlodextrin,  87 
Amyloid,  16,  48,  318 

,  vegetable,  90 
Amyloid  degeneration,  bile  in,  241 

,  chondroitin    -    sul- 
phuric    acid     in 
the  liver  in,  318 
Amylolytic  enzymes,  12,  252,  285 
Amylopsin,  285 
Amylum.    See  Starch. 
Ansmia,  pernicious,  177 
Anhydride  theorv  of  glycogen  formation, 

215 
Anilin,  behavior  in  the  animal  body,  479 
Aniaotropous  substance,  332 
Antedomn,  526 
Anthrax  protein,  17 
Antialbumate,  265 
Antialbumid,  266 
Antialbumose,  37 
Antifebrin,    relation     to     elimination     of 

urobilin.  456 
Antimony,  passage  of,  into  milk,  404 

,  action    on    the    elimination    of 
nitrogen.  411 
Antipeptone,  36—38,  43 
Antipyrin,   relation   to  formation   of  gly- 
cogen, 214 
,  action  on  the  urine,  466,  483 
,  relation  to  the  permeability  of 
the  blood  corpuscles,  160 
Antitoxins,  14 
Apatite  in  bone  earth,  322 
Approximate    eatimation    of    proteid    in 
urine,  488 


Arabinose,  78,  91 

,  relation    to  formation    of  gly* 
cogen,  78,  214 
Arabit,  73 

Arachidic  acid  in  butter,  388 
Arachnoidal  fluid,  189 
Arbacia,  372 
Arbacin,  62,  372 

Arbutin,  relation  to  formation  of  glycogen, 
214 
,  behavior  in  the  animal  body,  447 
Arginin,  19,  24,  62,  54,  59,  69,  289 
Argon  in  blood,  630 
Aromatic  compounds,  behavior  in  animal 

body,  478—183 
Aromatic  oxyacids,  450—453 
Arsenic,  passage  of,  into  milk,  404 
in  sweat,  629 

action     on     the     elimination     of 
nitrogen,  411 
Arsenious  acid,  action  on  peptic  digestion, 

266 
Arseniuretted    hydrogen,    poisoning    with, 

242,  244,  490 
Arterin,  138 
Ascitic  fluids,  192 
Asparagin,  67 

,  relation    to    syntheaia    of    pro> 

teids,  24 
,  relation    to    formation    of  gly- 
cogen, 214 
,  natritive  value,  672 
Asparaginic  acid.    See  Aspartic  add. 
Aspartic  acid,  67 

,  relation     to     formation     of 

uric  acid,  429 
,  relation     to     formation     ol 

urea,  412 
,  formation  from  proteid,  20, 

67 
,  behavior    in    the    organism, 
412,  429,  476 
Asparagus,   odoriferous  bodies  of,  is  the 

urine,  483 
Assimilation  limit,  220,  309 
Ass's  milk,  396,  397 
Atmidalhumin.  36 
Atmidalbumose,  36 

Atropin,  action  of,  elimination  of  uric  acid, 
428 
,  on  the  secretion  of  saliva.  266 
Auto-digestion  of  the  stomach,  276 
Auto-intoxication,  14 
Auto-oxidizable  bodies,  3 
Auto-oxidation,  3,  6 

Bacteria  urete,  514 

Bactericidal  action,  14,  181 

Banting  cure,  590,  691 

Barium  salts,  behavior  to  blood  coag^l^ 

tion,  124 
Bases,  nitn^nous,  from  proteids,  68 — 70 
in  the  thyroidea,  202 
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Beeewax,  98 

B41a'a  acetone  reaction,  509 

Benzaldehyde,  oxidation  of,  4 

,  substituted     aldehyde,     be- 
havior    in     the     animal 
body,  480 
Benzoic  acid,  formation  from  protein  Buh- 
Btances,  22,  55,  441 
,  passage  of,  into  sweat,  528 
,  behavior    in    the    organism, 

68,  441,  480 
,  occurrence  in  the  urine,  441, 

443 
,  substituted     benzoic     acide, 
action  in  body,  480 
Benzol,  behavior  in  the  animal  body,  478, 

479 
Bcnzoyl-amido-acetic  acid.      See  Hippuric 

acid. 
Benzoyl -chloride,     behavior     to     carbohy- 
drates, 82,  212,  600 
,  behavior  to  cystin,  612 
Benzoyl-cystin,  512 
Benzoar-stones,  303 
Bifurcated  air,  540 
Bile,  223—249 

,  general  chemical  properties,  225 

,  analysis  of,  239 

,  antiseptic  action,  298,  299 

,  constituents  of,  220,  237 

in  disease.  240 
,  diastatic  action,  237,  291 
,  influence  on  pioteid  digestion,  292 
,  on  the  emulsification  of  fats,  292,314 
,  on  tlie  secretion  of,  225 
,  on    the   absorption   of   fat,   298,   311, 

314 
,  cleavage  of  neutral  fats,  292,  314 
,  on  tryptic  digestion,  289,  293 
,  quantity  of,  224 

,  solvent  for  fatty  acids,  2!)1.  292,  311 
,  passage  of  foreign   bodies,  240 
,  occurrence    of,    in    urine,    314,    315, 

494-^90 
,  occurrence  of,  in  gjstric  contents,  270, 
292 
in  meconium.  302 
,  composition  of,  238,  240 
,  formation   of,  241 — 245 
,  secretion  of.  224,  225 
Bile-concretions,  245 
Bile-pigments,  233—237 

,  origin  and  formation,  242 — 

245 
,  reactions,  235,  236.  494,  495 
,  passage  of,  into  urine,  494, 

495 
,  occurrence    in    blood-serum, 

134,  180 
,  occurrence  in  egg-shells,  382 
Biliary  fistulee,  223 

,  influence   of,   on    intestinal 
putrefacUon,  299 


Biliary  fistulae,  influence  on  the  want  of 

food,  299 
Bile-aaltB,  226 
Bile-acids,  227—231 

m  blood,  180,  241 
in  pus,  198 
in  urine,  315,  404 
,  absorption  of,  315 
Bile-mucus,  225 
Bilianic  acid,  229 
Bilicyanin,  233,  235,  237,  495 
BUifulvin,  237 
Bilifuscin,  233,  237,  246 
Bilihumin,  233,  237 
Biliphfein,  233 
Biliprasin,  233,  237 
BUirubin,  233,  234 

,  relationship    to    blood-pigmenU, 

152,  243 
,  relationship  to  hsematoidin,  152, 

233,  243 
,  relationship  to  proteinchrom,  280 
,  properties,  234 
,  occurrence,  233 

,  occurrence  in  corpora  lutea,  373 
,  occurrence  in  urine,  494 
,  occurrence  in  the  placenta,  383 
Biliverdin,  236 

in  the  egg-shell,  382 
in  ftecea,  302 
in  urine,  394 
in  the  placenta,  383 
Bilirerdinlc  acid,  236 
Bismuth,  passage  of,  into  milk,  404 
Bi rotation,  76 
Bitch's  milk,  397,  401 
Biuret,  416 

Biuret,  reaction,  27,  416 
Blister  fluid.  195 
Blonds,  milk  of,  400 
Blood,  123—183 

,  general  beha%-ior,  123,  157 — 161 
,  analyses,  quantitative.  168 — 172 
,  arterial  and  venous,  138,  172,  531 
,  defibrinated,  124 
,  asphyxiation.  6,  138,  161,  53! 
,  quantity  of.  in  the  body,  180 
,  detection,  chemico-legal,  152 
,  behavior  in  starvation,  175,  176,561 
,  composition    under    various    condi- 
tions, 172—180 
in  gastric  contents,  276 
in  urine.  490 — 492 
Blood  analysis,  methodical,  153,  168,  169, 

170 
Blood-easts,  491 
Blood-clot,  124,  160 
Blood-corpuscles,  white,  155,  156,  178 

,  relation     to     eoagulaticpn, 

156,  162—166 
,  relation  to  formation  <A 

uric  acid,  430 
,  red,  136—138 
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Blood-oorpuBclea,  number  of,  137,  176 

,  relation     to    high     alti- 
tudes, 176 
,  passage    of,    into    urine, 

490,  491 
,  permeability,  159 
,  compoflition,      154,      166, 
171,  177,  178 
Blood-pigmente,  138—164 

in  bile,  241 
in  urine,  49fr— 493 
Blood-plasma,  126—132 

,  composition  of,  136,  171 
Blood-plates,  156,  156 

,  relation     to    coagulation     of 
blood,  162 
Blood-serum,  124,  132—136 

,  globulicidal  action  of,  181 
,  action  of  enzymes  in,  133, 134, 

181 
,  composition  of,  136,  171 
Blood-spots,  162 
Blood-sweat,  629 
Blue  stentorin,  526 
Bones  and  bone  tissues,  321 — 326 

io    starvation,    467, 
660 
Bone-earths,  321,  322 
Bones,  softening  of,  324 
Bonellin,  626 
Borax,  action  on  metabolism,  577 

,  on  tryptie  digestion,  289 
Bomeol,  482 

B6ttcher's  spermin  crystals,  370 
Bettger-AImen's  sugar  test,  81,  497 
Bowman's  disks,  333 
Brain,  368—364 
Bread,  behavior  in  the  stomach,  270 

,  action  of,  on  the  secretion  of  gas- 
tric juice,  259 
,  action  of,  on  the  secretion  of  pan- 
creatic juice,  284 
,  excrement,  after  feeding  with,  300, 
307 
Bromadenin,  116 
Bromanil,  22 
Bromhypozanthin,  116 
Bromides,  behavior  to  secretion  of  gastric 

juice,  268 
Bromine,  action  on  proteids,  23 

,  action  on  proteinchrom,  289 
,  passage  of,  into  saliva,  266 
Bromoform,  22 

,  behavior  in  the  animal  body, 
477 
Brunettes,  milk  of,  400 
Brunner's  glands,  279- 
Buccal  mucus,  261 
Buffy  coat,  161 
BuRdhi,  627 
Bull,  spermatozoa,  372 
BurssB  mucosa,  contests  of,  196 
Butalanin,  66 


Butter-fat,  388,  397 

,  calorific  value,  664 
,  absorption  of,  312 
Butterfly,  pigment  of  wings,  427,  526 
Buttermilk,  396 
Butyl    alcohol,    behavior    in    the    animal 

body,  477 
Butyl-chloral  hydrate,  behavior  in  the  ani- 
mal body,  477 
Butyric  acid  in  gastric  contents,  276,  279 
in  gastric  juice,  260 
in  milk  fat,  388,  397 
Butyric-acid  fermentation,  4,  5,  386 

in  intestine,  296 
BysBUs,  16,  68 

Cachexia  thyreopriva,  202 
Cadaverin,  13 

in  intestine,  612 
in  urine,  463,  612 
Caffein,  116 

,  behavior  in  the  animal  body,  430 
,  action  on  the  muscles,  346 
Calcium,  lack  of,  in  food,  324,  326 

,  occurrence.     See   various  tissues 
and  fluids. 
Calcium  carbonate  in  urine,  406,  515 

in  urinary  calculi,  518 
in     urinary    sediments, 

515 
in  bones,  322,  324,  325 
in  Urt    ,  267 
Calcium  casein,  389 
Calcium  formate,  enzymotic  decomposition, 

10 
Calcium  oxalate  in  urine,  438 

in  urinary  sediments,  616 
in  urinary  calculi,  617 
Calcium  phosphate,  relation  to  the  coagu- 
lation of  the  blood, 
165 
,  occurrence     in     intes- 
tinal      concretions, 
303 
in  the  urine,  406,  466, 

467,  468,  472 
in   urinary    sediments, 

515 
in  urinary  calculi,  618 
in      salivary      calculi, 
257 
Calcium  salts,  elimination,  466,  467,  472 

,  importance    to    coagulation 
of    the    blood,    124,    128, 
164,  165 
,  relation  to  the  coagulation 

of  the  milk,  390 
,  importance    to    coagulation 
of  milk,  389,  390 
See  various  calcium  salts. 
Calcium  sulphate  in  urinary  sediments,  616 
Calculi,  salivary,  257 

,  intestinal,  303,  304 
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Calculi,  urinary,  516 — 819 
Calories  of  food  BtufiFs,  554—666 

of  different  rations,  &8&— 590 
Campho-gjycuronic  acid,  460,  482 
Camphor,    behavior   in    the   animal   body, 

460,  482 
Camphoral,  482 
Cane-Bugar,  84,  86 

,  inversion  of,  216,  266,  291,  308 

,  calorific  value  of,  664 

,  absorption  of,  308 

,  behavior  with  intestinal  juice, 

280 
,  behavior    with    gastric    juice, 
266 
Capillary    endothelium,    secretory    impor- 
tance, 188,  189 
Capranica's  reaction  for  guanin,  118 
Cftprie  acid,  92,  388,  397 
Caproic  add,  92,  388,  397 
Caprylic  acid,  92,  388 
Caramel,  80,  86 
Carbamic  acid,  422 

in  blood,  134,  413 
in  urine,  413,  422 
,  poisonous  action,  413 
Carbamic-acid  ethylester,  422 
Carbazol,  behavior  in  botly,  479  ; 

Carboh^moglobin,   146 
Carbohydrates,  71—92 

,   importance   in   fat   forma-' 

tion,  330 
,  importance     in     glycogen 

formation,  214,  216 
,  importance    for    muscular 
activity,  348,  349,  352— 
354 
,  action   on   proteid   metabo- 
lism, 565,  566,  573—^76 
,  action  on  intestinal   putre- 
faction, 298,  300,  444 
,  formation    from    fats,   218, 

220 
,  absorption  of,  308 — 311 
,  inadequate   supply  of,   566 
.     See  also  the  various  car- 
bohydrates. 
Carbolic  acid,   action   on   peptic   digestion, 
205 
See  also  Phenol. 
Carbolic  urine,  447 

Carbon,  relation  to  nitrogen  in  the  urine, 
550.  551 
,  calorific  value,  553 
Carbon  dioxide  in  the  blood,  531—535, 541— 
643 
in    the    blood    in    diabetes, 

635 
in   the  blood    in   podsoning 
with  mineral  acids,  535 
in  the  intestine.  294,  296 
in  the  lymph,  184.  635 
in  the  stomach,  271 


Carbon  dioxide  in  £fae  muKlcs  during  reit 
and  activity,  348,  352 
in    the    muscles    in    rigor 

morti^  346 
in  the  secretions,  635 
in  traaaudatioDB,  636 
,  binding     of     CO,     in     the 

blood,  632—535 
» action  on  the  Mcretion  of 

gastric  juice,  258 
jtenaion    of,    in    the    blood, 

641,  6tt 
.tension  of,   in   the  tissues. 

643 
,  tension  of,  in  lymph,  184 
,  tension    of,    in    transuda- 
tions, 636 
elimination,  dependence  of 
external      temperature 
upon,  583 
elimination     in     rest    and 
activity,  348,  862,  561. 
682 
elimination    by    the    skin. 

629 
elimination  in  various  ages, 

579,  580 
hemoglobin,  \¥i 
Carbon-monoxide  poisoning,  146,  221,  343 
Carbon-monoxide  poisoning,  action  on  the 

formation  of  lactic  acid,  343 
Carbon-monoxide  poisoning,  action  on  the 

elimination  of  nitrogen,  411 
Carbon -monoxide  poisoning,  action  on  the 

elimination  of  sugar,  221,  343 
Carbon-monoxide    hiemoglobin,  145, 146, 147 
Carbon -monoxide  methsenioglobin,  146 
Carbon-monoxide    blood    leat,    Uoppe-Sey- 

ler's,  146 
Carcinoma,  lactic  acid   in   stomach   with, 

276 
Carrainic  acid,  526 
Carnie  acid,  35,  43,  340 
Camiferrin,  44,  340 
Carnin,  115,  340 

in  urine,  435 
Carp,  spemia  of,  372 
Cartilage,  317—321 

,  quantity  of  ash,  320 

,  behavior   to   gastric   juice,  266, 

270 
,  behavior  to  pancreatic  juice,  296 
Cartilage  gelatin,  57 
Casein,  origin,  403 

,  from  woman's  milk,  398 

,  from  cow's  milk,  388,  380 

,  quantitative     estimation     of,    393, 

394 
,  absorption  of,  304 
,  behavior  towards  reonin,  267,  389, 

390,  398 
,  behavior  to  gastric  juice,  265,  270, 
390,  398 
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Casein,  heat  of  eombtution,  654 

CaKinogen,-390 
Caseosea,  36 

,  relation  to  the  coagulation  of  the 
blood,  124 
Castor  bean,  14 
Castoreum,  526 
Castorin,  526 
Cataract,  368 

Catheterization  of  the  lungs,  539,  641 
Cat's  milk,  396,  397 
Cell,  animal,  99—123 
Cell  constituents,  primary  and  secondary, 

100 
Cell  fibrinogen,  112 
Cell  globulins,  100.  137 
Cell  membrane,  102 
Cell  nucleus,  106 

,  relation     to    coagulation    of 
fibrinogen,  157,  162 
Cellulose,  90 

,  ferraenUtion  of,  291,  297 
,  occurrence  in  tuberculosis,  546 
,  action    on    absorption    of    food- 
stufTs,  307 
Cement,  325 

Cerebellum,  composition  of,  363 
Cerebrin,  84,  197,  359,  361 

,  properties  and  behavior,  361, 362 
m  pus,  190 
Cerebrosides,  197,  360,  361 
Cerebrospinal  fluid,  194 
Cerolein,  98 
Cerotic  acid,  98 
Cerumen,  526 
Cetin,  98 
Cetyl  alcohol,  98 
Chalaza,  378 

Charcot's  crystals,  178,  371 
Cbeno-taurocholic  acid,  229 
Childrea's  urine,  406,  410,  439 
Chitin.  58,  521,  522 

,  behavior  in  tryptic  digestion,  290 
Chitosamin,  46,  75,  523 
Chloral   hydrate,  behavior  in  the  animal 

body,  460,  477 
Chlorates,  poisoning  with,  180,  490 
Chlorazol,  22 
Chlorbenzol,  behavior  in  the  animal  body, 

482 
Chlorides,  elimination  by  the  urine,  136, 
463.  464 
,  elimination  by  the  sweat,  528 
,  action    on    proteid    metabolism, 

577 
,  insufficient  supply  of,  564 
.  See     also     various     fluids    and 
tissues. 
Chlorocmorin,  154 

Chloroform,  action  on  the  elimination  of 
chlorides,  464 
,  action  on  the  muscles,  346 
,  behavior  in  the  animal  body ,477 


Chlorophan,  366 
ChiorophyU,  2,  526 

,  relation    to    blood    pigmentB, 
130 
Chloroproteinchrom,  290 
Chlorosis,  177 
Chlorpbenylcystein,  483 
Chlorphenylmercapturic  acid,  483 
Chlorrhodinic  acid,  198 
Cholagogues,  224,  225 
Cholalic  acid,  229 

,  relation  to  cholesterin,  246 
Cholanic  acid,  230 
Cholecyanin,  235,  236 
Choleic  acid,  230 
Cholepyrrhin,  233 
Cholera,  blood  in,  178,  179 
,  sweat  in,  128 
,  ptomaines  in,  13 
Cholera  bacilli,  behavior  with  gastric  juioe, 

274 
Cholesterilene,  246 
Cholesterilin,  246 
Cholesterin,  246 

in  blood  serum,  132 
in  sputum,  645 
in  the  bile,  226,  237,  239,  240 
in  the  brain,  359,  364 
in  the  urine,  511 
,  importance    in    the   life   proc- 
esses of  the  cell,  100,.  106 
Cholesterin  calculi,  246,  619 
Cholesterin  f»X,  as  protective  fat,  526 
Cholesterin -prop  ionic  ester,  247 
Cholesterinic  acid,  229 
Cholesteron,  246 
Choletelin,  233,  236 

,  relation  to  urobilin,  454 
Cholic  acid.    See  Cholalic  acid. 
Cholin,  14,  103,  237 
Choloheematin,  237 
Choloidic  acid,  231 
Cholylic  acid,  229 
Chondrigen,  317 
Chondrin,  57,  317 

in  pus,  198 
Chondrin  balls,  320 
Chondroitic  acid,  318 
Chondroitin,  318 

Chondroitin-sulphuric   acid,    48,    317,   318, 

319 
in  urine,  461, 

489 
in      kidneys, 
406 
Chondromucoid,  48,  317,  319 
Chondroproteids,  44,  48 

in  the  urine,  461,  489 
Chondrosin    from    chondroitin  -  siUphurio 
acid,  318 
from  sponges,  48 
Chorda  saliva,  250 
Choroid  coat,  388 
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Choroid  coat,  pigment  of,  624 

Cbristensen  and  Mygge's  approximate  ee- 

timatloD  of  proteid  in  urine,  489 
Chromatin,  106 
ChromhidroBis,  520 
Chromogens  in  urine,  453 

in  supra-renal  capsule,  204 
Chrysophanic  acid,  action  on  urine,  483 
Chyle,  183—185 
Chylopericardium,  191 
Chyluria,  511 
Chyme,  270 

,  investigation  of,  276—279 
Chymosin,  12,  267,  389,  390 
in  urine,  462 
.  See  also  rennin. 
CiUanic  acid,  220 

Cinnamic  acid,  behavior  in  the  body,  441 
Citric  acid  in  milk,  388,  395,  399 
Clupein,  59,  60 
Coagulated  proteids,  16,  42 
Coagulation  of  the  blood,   123,   124,   128, 
129,  160—166,  178 
.intravascular,  166 
of  milk,  386,  387,  380,  390, 

398 
of  muscle  plasma,  333,  336, 
346 
Coccinic  acid,  625 
Cochineal,  526 
Cochinillic  acid,  525 
Coefficient,  Httser's,  474 

,  respirHtory,  330,  352,  662,  669, 

682 
,  extinction,  153,  154 
,  urotoxic,  463 
Coffee,  action  on  metabolism,  579 
Collagen,  16,  54,  316.  317,  319,  321 
Collidin,   13 
Colloid,  47,  373.  374 
Colloid  corpuscles,  373 
Colloid  cysts.  373 

Coloring  matters.     See  various  pigments. 
Colostrum  of  woinan's  milk,  4O0 

of  cow's  milk.  395,  396 
Colostrum  corpuscles,  395 
Comma     bacillus,    behavior    with    gastric 

juice,  274 
Compound  proteids,  16.  44 — 51 

.  See       the       different 
groups  of  protein 
substances. 
Conchiolin,  16,  58 
Concrementa.     See  various  calculi. 
Cones  of  the  retina,  pigment  of,  366 
Conglutin,  calorific  value  of,  554 
Conifer  needs,  proteid  of,  69 
Connective  tissues,  316 
Contiurt  action,  12 

Copaiva  balsam,  action  on  the  urine,  483 
Copper  in  blood.  134,  170 
in  bile,  238 
in  biliary  calculi,  245 


Copper  in  luemocyanin,  164 

in  protein  substances,  15 
in  turacin,  625 
Cornea.  320,  368 
Comein,  16,  68 
Comicryatallin,  68 
Corpora  lutea,  373,  377 
Corpulence,  diet  cures  for,  590,  G91 
Corpuscula  amylacea,  363 
Cow's  mUk,  386—397 

,  general  behavior,  386,  386 
,  analysis  of.  393—396 
,  inorganic  constituents  of,  395 
,  organic  constituents  of,  388— 

303 
,  anti-putrefactive     action     o^ 

298—444 
,  coagulation  with  rennin,  26T* 

386,  398 
,  behavior  in  the  stomach,  270, 

274 
,  composition  of,  395 
Cream,  396 

Creatin,  relation  to  formation  of  urea.  338. 
410 
,  relation  to  muscular  activity,  350, 

362 
,  properties    and    occurrence,    338, 
339 
Creatinin,   relation    to   muscular  activity, 
350,  352,  423 
,  properties  and  occurrence,422.423 
,  zinc  chloride,  423 
Cresol,  20,  294,  443,  444 
Cresol-sulphuric  acid,  443,  444 
Crotonic  acid,  611 
Cruor,  124 
Crusocreatinin,  341 
Crustaceorubin,  520 
Crusta   inflammatoria   or   phlogistica,   161, 

178 
Crystalbumin,  368 
Crystalfibrin,  368 
Crystallins,  16,  367,  368 
Crystalline  lens.  367,  308 
Crystalline  seralbumin,  132 
Cumic  acid,  480 
Cuminuric  acid,  480 

Curare  poisoning,  action  on  muscular  tonus, 
347 
.action  on  elimination  of 
sugar,  221 
Curd,  390 
Cyanhydrines,  73 
C^-anraethaemoglobin,  147 
Cyanocrystallin,  382,  525 
Cyanogen  in  proteid  molecule,  4 
Cyanuric  acid,  416,  426 
Cyanurin,  453 
Cymol.  479 
Cystein.  483,  512 

,  conjugation  in  animal  body,  483 
Cystin,  52,  66 
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Cystin,  properties,  512 

,  occurrence  in  urine,  461,  402,  512 
,  occurrence    in    urinary    sediiaentB, 

516 
,  occurrence  in  urinary  calculi,  S16 
,  occurrence  in  Hweat,  629 
Cystinuria,  13,  462,  512 
Cysts,  tapeworm,  195 
,  ovarial,  373—376 
,  thyroid,  204 
Cytin,  52,  112 

Cytoglobin,  16,  101,  112,  163 
Cytoain,  110 

Damaluric  acid,  463 
Damolic  acid,  463 
Defibrinated  blood,  124 
Dehydrocholalic  acid,  229 
Dehydrocholeic  acid,  230 
Delomorphic  or  parietal  cells,  257 
Denig^'s  reaction  for  uric  acid,  433 
Dentin,  322,  325 
Dermoid  cyst,  fat  from,  08 
Desamidoalbuminic  acid,  33 
Descemet's  membrane,  48,  321 
Desoxycholalic  acid,  220,  230 
Deuteroalbumoae,  36,  38,  487 
Deutcrogelatose,  57 

Devoto's  method  of  estimating  proteids,  487 
Dextrins,  89 

,  formation  from  starch,  80,  253, 

285 
,  loading  the  stomach  with,  269 
,  occurrence    in    the   gastric   con- 
tents, 271 
,  oceunreDce  in  muscles,  342 
,  occurrence  in  portal  blood,  173, 
308 
Dextrin-like  substance  in  the  urine,  450 
Dextrose,  70—83 

in  blood,  132,  173,  21S,  219-223 
in  urine,  179,  219,  220,  469,  496, 

505 
in  the  lymph,  183 
in  muscles,  342 
,  preparation  of,  82 
,  calorific  value  of,  554 
,  detection,  82,  497—600 
,  reactions  of,  80 — 82 
,  absorption  of,  SOS,  309 
,  quantitative  estimation,  500 — 605 
Diabetes  mellitus,  219—223,  496 

,  elimination  of  ammonia 

by  the  urine  in,  471 
,  relationship  of  the  liver 

to.  221.  222 
,  relationship  of  the  pan- 
creas to,  221,  222,  223 
,  blood  in,  179,  221 
,  amount     of     sugar     in 
blood  in,  170,219,220 
,  urine  in.  407 
,  CO,  in  the  blood  in,  635 


Diabetes  mellitus,  oxybutyric  acid  in  the 
blood  in,  635 
,  oxybutyric  acid  in  the 
urine  in,  471,  610 

Diacetic  add,  609 

in  urine,  606,  607 

Diamid,  poisoning  with,  440 

Diamine  in  the  urine,  13,  463,  512 

in  the  gastric  contents,  13,  612 

Diamido-acetic  acid,  19,  69 

Diamido-caproic  acid.    See  Lysin. 

Diamid o- valerianic  acid.    See  Omithin. 

Diarrhoea,  action  on  the  blood,  176,  178 

Diastatic  enzymea,  12,  133,  217,  252,  286 

.  See  also  other  enzymes. 

Diastase  in  the  blood,  133 

Diazobenzol-eulphonio  acid,  reaction  with 
sugar,  82 

Dicalcium  casein,  389 

Dicblorpurin,  114 

Diet  cures,  590,  591 

Diet  for  various  classes  of  people,  586—580 

Digestion,  249—316 

Digestibility  of  food-stuffs,  272,  273,  274, 
307,  310,  312 

Digestion  leucocytosis,  178,  427 

Dimethylanilin   as  solvent   for  uric  acid, 
234 

Dimethylketone.    See  Acetone. 

Di ox y acetone,  79 

Dioxy benzol,  479 

Dioxynaphthalin,  470 

Dioxy  pyridin,  205 

Disaccharides,  84 

in  urine,  309,  606 
,  inversion  of,  280,  291,  308 

Distearyllecithin,  103 

Doeglic  acid,  06 

DoipB  milk,  396,  397 

Dolphin's  milk,  397 

Donne's  pus  test,  493 

Dotterplatchen,  24,  376 

Dropsical  fluid,  102 

Dulcite,  73 

,  relationship   to  formation  of  gly- 
cogen, 214 

Dysalbumose,  36 

Dyalysin,  231 

Dysoxidtzable  bodies,  3 

Dyapeptone,  265 

Dyspnoea,    action   on   proteid    transforma- 
tion, 351,  411,  580 

Earthy  phosphates,  elimination  by  the 
urine,  466,  467,  472 

>  solubility  in  fluids  rich 
in  proteid,  326 

,  occurrence  in  bone- 
earths,  322—326 

,  occurrence  in  calculi, 
245,  303,  518 

,  occurrence  in  sedi- 
ments, 514,  515,516 


«0« 


INDSX. 


Kdrthy    phosphates.      See    also    different 

earthy  phoaphatee. 
Ebetein'B  diet  cure,  690 
P^chinochrom,  154 
Echinococcus  cysts,  cyst  weH,  S23 

,  cyst  conteatB,  196 
Kck'B  fistula,  413 
Eel,  flesh  of,  266 
Jigg,  378 

,  hen's,  376—384 

,  absorption  in  the  intestine,  307 
,  incubation  of,  382,  383 
Egg  albumin  (see  Ovalbumin),  379 
Egg-shell,  51,  381 
Egg  yolk,  376 
Khrlich's  test  for  bile-pigments,  496 

urine  teat,  511 
Eiselt's  reaction  for  melanin,  493 
Llaidic  acid,  95 
Elaidin,  95 
Elastin  albumoee,  54 
Elastinpeptone,  54 
Elastin,  16,  53 

,  behavior  with  gastric  juice,  266 
,  behavior  with  trypan,  290 
Eleidin,  521 
Elephant  bones,  322 
milk,  397 
tusk,  326 
Ellagic  acid,  304 
Eniulsin,  11 
Emydin,  382 
P^narnel,   325 
Encephaliii.  361,  302 
Endolyiiipli.  360 

Energy,  putentiul.  of  food-stuffs,  554 — 502 
Enzymes,  in  general,  9 — 12 

,  diaiitatic,     in     pancreatic     juice, 

284,  285 
,  diastatic.  in  blood,  133,  217 
,  diastatic,  in  bile,  237,  291 
,  diastatic,  in  urine,  462 
,  diastatic,  in  liver.  217 
,  diastatic,  in  lymph.  184 
,  diantattc,  in  muscles,  338 
,  diastatic,    in    secretion    of    intes- 
tinal mucosa,  280,  281 
,  diastatic.  in  saliva,  252,  253 
,  protefllvtic,  in  intestinal  mucosa, 

281  * 
,  proteolytic,  in  urine,  462 
,  protpolvtic,  in  stoninfh,  257,  260. 

201 
,  proteolytic,  in  pancreas,  284,287 
,  proteolytic,    in    plant    kingdom, 

201 
,  proteolytic,     in     lower    animals, 

201  ■ 
,  steatolytic.  12.  234 
,  coapulntinp.       See     Fibrin     fer- 
ment    and     Rennin     or     Chy- 
niosin. 
,  urea  forming,  in  tlie  liver,  412 


Enzymes,  urea  splitting,  0,  614 
Epiguann,  115,  436,  437 
Episarkin,  115,  436,  436 
Erucic  acid,  92 

,  absorption  of,  311 
Erythrit,  relation  to  glycogen  ftwmatioB, 

214 
Erythro-dextrin.  89.  263 
EtTlhrop&in.     See  Vianal  purple. 
Esbach's  estimation   of   proUnd   in   urine, 
488 
estimation  of  urea  in  nrine,  422 
Eaters,  behavior  with  pancreatic  juice,  286 
Ethal,  96 
Ether,  action  on  the  blood,  137,  159 

,  action  on  the  secretion  of  gaatrie 

juice,  258 
,  action  on  the  muscles,  346 
Ethereal  sulphuric  acids  in  the  bile,  226, 

239 
Ethereal  sulphuric  acids  in  the  urine,  294, 

443—455,  477,  481 
Bhhereal  sulphuric  acids  in  svreat,  528, 529 
Ethereal  oils,  action  on  muscles,  346 
Ethyl  alcohol,  production  in  the  inteatine, 
293 
,  passage  of,  into  milk,  404 
,  behavior      in      the     ^b'1p*1 

body,  577 
,  action  on   the  secretion  of 

gastric  juice,  258 
,  action  on  the  muscles,  346 
,  action  on  metabolism.  577 
,  action  on  digestion.  265,273 
Etl.ylamin,  solvent  for  uric  acid,  432 
Ethvl  benzol,  behavior  in  the  animal  body, 

4(9 
Ethylen   glycol,    relation    to   formation  of 

glycogen,  214 
Etliyleniniin.     See  Spermin. 
Ethylidene-lactic  acid,  342.     See  also  other 

lactic  acids. 
Ethylmcrcaptan,   behavior   in    the   animal 

botty,  477 
Ethyl-sulphuric  acid,  behavior  in  the  ani- 
mal body.  477 
Ethyl  sulphide,  formation  from  proteid,  19 
,  behavior     in     the     animal 
bodv.  477 
Euxanthic  acid,  400.  482 
Euxanthin,  4(J0.  482 
Excrements,  300—303 

in  doge  with  biliary  fistula, 

299 
in  starvation,  548,  549 
Excretin.  302 
Excretolic  acid,  302 
Exostosis,  ,124 
Expectorations.  .544,  .545 
Extinction  cocHicient,   153,   154 
Extracellular  action  of  cnzvmes,  10 
Exudations,   188—196 
Eye,  304—369 
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Ftec«s.     S«e  Iij[crem«nU. 
Fat,  origin  In  the  tio<]y,  327—331,  567,  568 
,  geii«nU   properties,  detection  ruI  oc- 

mrtpOCT,  W— 1H» 
,  emulaificattoa  of,  03,   281.  £87.  292. 
3ll>— 316 
in    blcHHl   unim.    132,    134.    171,   176, 

ny 

in  chylr,  IfU,  IHA 

in  >'oJk  of  e^,  377 

in  pus.  IJW.  197 

in  McremetitB.  3ti2.  312,  313 

in  fwlty  tiM«up-%  3211 

in  lik,  230 

in   the  brain,  J59 

in  tlie  urin#,  511 

in  bones,  323,  325 

in  the  Uvrr,  208 

in  milk.  388.  397,  402.  403 

!n  muscles,  reliition»lup  to  work,  345 

in  new-l>orn  and  children,  325 

in  (HihciilnniMHiii  ccmnwtive  tissue,  208 
,  catorilk-  value  of,  5i4,  555 
,  nutritive  value  of,  554 — 550,  M8,  672, 

57n 
,  nncldity  of.  M 
,  abwriitlon   of,  310—315 
,  behivtor  with  tlie  intMtina]  juice,  281 
,  behavior  with  f^»Cric  juice,  2tV] 
,  behavior  with   pancreatic  juice.  285, 

28».  313 
,  a8poni6ration  of,  93.  M,  07.  285,  280, 
293,    313 

,  action  of.  on  the  werption  of  bile,  224 
,  action  of.  on  the  «ecreUon  of  gastric 

juice,  250 
.  action   of>  on  the  wcretioii  of  pan- 

erratic  jiiire,  a»3 
,  iodiz«(],    lieltavioT   of,    in    the  animal 
bo.lv,  .127.  *)3 
'      ,  eatimi'liuii  uf.  i)7,  98 

,  metjilK)Uflm  nf,  in  activity  and  at  rest, 

352,  353 
,  tnetaboliptm  of,  in  atan-ation,  559 
,  metabuliam    of.    witb    various    foods, 
8«7,  568.  572—576 
FatfwIU,  asfl 
Fat-BvrMt,  R27 

Fatly  acidH,  general   properlien.  dtt«ction 
and  oicurrt-noe,  91— W.32fi 
,  Nilubility  in  l>ilp.  202,  311 
,  alMorption  of.  310.  311 
,  Rynll>eHl«     to     noutrnl     fats, 
310.  327 
Patty  deRcneration.  208,  328 
Fatly  mllltralion.  208 
Fatly  aerieH,   tifliavior  of  members  Id  the 

Bni?iuil  UcMiy.  470 
Falty  eiiwue.  32fl 

,  behnvinr    with    gastric-    juice, 
2flfl,  271 
Feathers.  SI,  621 

.  pigments  of.  525 


Fehling'fl  eolutloB,  81,  801—603 

Fi-llic  acid.  231 

Femcatatton,  5,  9,  10.  7(1,  80.  81 

Id  the  inteatiae,  293 
in  the  urine.  499,  513,  614 
in  the  i^tric  content*.  271, 
274,  275 
,  See    also   various   fermenta- 
tlom.  alcoholic,  etc. 
Feruicntalion  lactic  avid,  pruperticit,  occur- 
rence, etc..  343.  344 
Fennrntatinn  luetic  arid  in  the  hrain,  ^Q 
Fenuentation    lactic    acid    in    the   gastric 

conlfniB.  271 
Fernirntnlion   lactic  acid   in,   gastric  juice, 

260 
Feiinentation  lactic  acid,  formation  of,  in 

the  Kouiring  of  milk,  386 
Fcrnipntatipn  lactic  acid,  detection  in  the 

({aBtrJc  coiilenls.  -77 
FcriHentation  ifi>{  in  the  urine,  498,  603 
Ferment*  in  geiieinl,  9.  10 

.  8ee  also  various  enzymes. 
Ferratln.  207 

Fevers,  elimination  of  nnunonia  in,  471 
,  elimination  of  uric  ucid  in,  428 
,  elimination  of  urea  in,  411 
,  eltntination   of   iHilaaaium   salts  in, 

470 
,  metabolism  of  proteidi^  in,  411 
Fibres,  elastic,  in  nputum,  045 

.  reticulate.  310 
Fibrin,  18,  124,  120 
,  occiirr<'ur«     tn 

,  Henle's,  370 

Fibrin  eoaguUtion.  127-129.  180—108 

Fibrin  calculi.  303.  510 

Filo'in  digestion.  203,  276.  288 

Fibrin  fcmicnt.  12.  127.  128.  163—168 

Fibrin  formation.  127—129.  160-108 

Fibrin  (.''"''"'in.  I*^.  132 

Ktbnnc   Nuliible.     See  8en;lohiilin, 

FibriTiOficn.  10.  125—129.  H»,  IM,  183.  18B 

Fibi'inutyHis,    127 

Fibrinoi>la8lic  substance.    See  Sergiobulln. 

Fibroin.  16.  .'iS 

Filtration,  illation  to  ahaorption,  320 

,  relation    to    tvmph    formation, 
188 

F1«chiiT-Wcidrl>  reartton,  117 

Fi,*h-l».iiM,  3-24 

Fi^h-PKB''.  24.  377.  382 

Finhsrah'».  iiH.  117 

Ftah.  ■wImTiiint!  l>1nd<tcr  nf.  117,  643 

Flcfih,  accumiihiliiin  of.  with  various  foods. 
507.  560.  672-876 
,  niHatitpliom.  in  •^larvntion.  .^68 
.  nirisbiiliom,     with     varioua     foods, 
."MHl— .'>7rt 

Flesh  quotient.  358 

Fluorine  In  bnne^.  322 
in  enamel.  320 


transiidntiona,    188, 
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Flj-mAggoU,  formation  of  fat  in,  328 
Fonction  martiale,  210 
Foodfl,  influence  on  the  secretion  of  intes- 
tinal juice,  280 
,  influence  on  the  secretion  of  bile, 

224,  226 
,  influence  on  the  secretion  of  gastric 

juice,  259—200 
,  influence  on  the  secretion  of  pan- 
creatic juice,  283—284 
,  influence  on  the  eliminatioa  of  am- 
monia, 470,  471 
,  influence  on  the  elimination  of  uric 

acid,  427 
,  influence  on  the  elimination  of  urea, 

442,  443 
,  influence  on  the  elimination  of  COi, 

552,  559,  581 
,  influence  on  the  eliminatioa  of  min- 
eral bodies,  464,  466,  469,  473 
,  influence    on     the    elimination     of 

xanthin  bodies,  434 
,  influence  on  feeees,  301,  307,  549 
,  influence     on     metabolism,     562 — 

576 
,  various,  rich  in  proteid,  566 — 569 
,  various,  mixed,  566 — 569 
,  insuflicient  supply  of,  663 — 666 
Food-stuffs,  necessity  of,  546 

,  combustion  heat  of,  554 — 656 
Formaldehyde,  formation  in  plants,  1,  79 
,  combination  with  proteid,33 
,  combination  with  urea,  417 
,  relation     to    sugar    forma- 
tion, 79 
Formanilid,  behavior  in  the  animal  body, 

( foot-note  t.  479 
Formic  acid  in  butter,  388 

in  (lastrie  contents,  279 
,  passage  of,  into  urine,  450, 476 
from  cleavage  of  nucleic  acid, 
110 
Frog's  eggs,  membrane  of,  45 
Fructosamin,  523 
Fructose.     See  Levulose. 
Fruit-sugar.     See  Levulose. 
Fundus  glands.  2.'(7.  2111) 
Fungi,  glycogen  therein,  211 
Fumaric  acid.  22 

FUrbringer's  albumin  reagent,  486 
Furfuracryliiric  acid.  481 
Furfurol    from  glycuronic  acid,  461 
from  pentoses.  78 
,  relation  to  proteid  reactions,  28 
,  relation     to     Pettenkofer's     bile- 
acid  tests,  227 
,  reagent  for  urea,  416 
,  behavior    in    the    animal    body, 
481 
Fuscin,  366 

Galactonic  acid,  84 
Galactose,  73,  84,  89,  391 


Galactose  from  cerebrin,  3S1 

,  rdation    to    fonnation    (tf  glf- 
cogen,  216 
Gallacetophenon,    behavior  in  the  animil 

body,  482 
Gallic  acid  in  urine,  451 
Gallois'B  inosit  teet,  342 
Galtose,  75 

Gas,  exchange  of,  in  variooB  ages,  679,680 
,  exchange  of,  through  the  skin,  629 
,  exchange  of,  in  starratioo,  552,  557, 

669 
,  exchange  of,  in  variouB  conditiraa  of 
the  body,  362,  659,  661,  678,  680, 
681 
,  exchange  of,  in  the  muscles,  348,  352 
,  exchange  of,  with  rarious  food-stuffi^ 

678 
,  exchange  of,  abstinence  value  of,  561, 
678 
GaseB  of  the  blood,  630—535 
of  the  intestine,  296 
of  the  bile,  240,  536 
of  the  urine,  473,  636 
of  the  hen's  egg,  382,  383 
of  the  lymph,  184,  635 
of  the  milk,  396,  400,  536 
of  the  muscles,  346,  348,  352 
of  the  transudations,  190,  636 
in  pancreatic  digestion,  287 
Gastric  catarrh,  275 
Gastric  contents.    See  Chyme. 
Gastric  flstula,  258 
Gastric  juice,  258 

,  secretion  of,  258,  269 

,  estimation     of     acidity    of, 

270—279 
,  relation  to  intestinal  putre- 
faction, 300 
,  artificial,  262 
,  action    of,    263—268,    270— 
276,  301,  398 
Gastric  mucosa,  258,  259 
Gelatin,  56 

,  relation    to    glycogen    formatiMl, 

214 
,  putrefaction  of,  64,  294 
,  nutritive  value  of,  570,  571 
,  behavior  with  gastric  juice,  266 
,  behavior    with     pancreatic    juice, 
290 
Gelatin  and  the  detection  of  trypsin,  238 
Gelatin-forming  substances  (see  Collagen), 

54 
Gelatin  peptones,  56 
Gelatin  sugar.    See  Glycocoll, 
Gelatinous  tissues,  316 
Gelatoses,  56 

,  relation    to    blood    coagulation, 
124 
Gentisic  acid,  451 

,  behavior  in  the  animal  body, 
482 
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Gentisic  aldehyde,  4d2 

Gerhardt's  diacetic  acid  reaction,  50Q 

Germ  of  the  ben's  egg,  376 

Globin,  62,  147 

Giobulicidal  bodies  in  serum,  181 

Globulins,  16 

,  general  characteristics,  30 
in  urine,  487 
in  protoplasm,  100,  101 
.  See  also  the  different  globulins. 
Globuloses,  36 
Glucase,  133,  252,  253,  256 
Glucocjanhydrin,  73 
Glucoheptcse,  73 
Gluconic,  72 
Glucoprotein,    18 
Glucosamin  from  chitin,  522 

from  cartilage,  318 
from  ovomucoid,  381 
Gluoosan,  80 
Glucose.    See  Dextroee. 
Glucosides,  75,  77 
Glucosoxime,  73 
Glutamic  acid,  67 
Gluten  protein,  43 
Glutin.    See  Gelatin. 
Glutolin,  130 
Glutose,  75 
Glycalanin,  58 
Glycerin  aldehyde,  79 
Glycerin,  relation  to  formation  of  glycogen, 
214 
,  solvent  for  enzymes,  11 
Glyecrophosphoric  acid,  103,178,199,204,237 
Glyceropboephoric  acid   in  urine,  460,  462 
Glycin.     See  GlycocoU. 
Glycocholic  acid,  227,  228,  239 

,  properties,  227,  228 
,  occurrence       in       excre- 
ments, 297 
,  occurrence   in    bile  from 

various  animals,  240 
,  absorption  of,  316 
,  behavior     to      Intestinal 
putrefaction,  297 
Glycocholates  from  rodents,  228 
GlycocoU,  66 

,  properties,  231 

,  formation  from  gelatin,  55,  294 

,  formation    from    other    protein 

substances,  53,  59 
,  relation    to    formation    of    uric 

acid,  426,  429 
,  relation    to   formation    of  urea, 

412,  431,  476 
,  synthesis  with  glycocoll,  2,  440, 
480    481 
Glycogen,  88,  100,  211—223 
,  origin  of,  214—218 
,  general  chemical  behavior,  212 
,  relation    to    muscular    activity, 

348,  362 
,  relation  to  muscle  rigor,  347 


Glycogen,  relation  to  formation  of  sugar, 
217—222,  253 
,  occurrence  in  sputum,  545 
,  occurrence  in  muscles,  342 
,  occurrence  in  the  lungs,  645 
,  occurrence  in  the  lymph,  184 
,  occurrence    in    protoplasm,    100> 
105,  156,  197 
Glycolysis,  133,  184 
Glycolytic  enzyme,  133,  223 
Glyconucleoproteids,  50 
Glycoproteids,  16,  44—50,  102,  380 
Glycosuria,  220—224,  496 

,  alimentary,  220,  308 
Glycosuric  acid,  451 
Glycuron,  460 

Glycuronic  acid,  relation  to  formation  of 
glycogen,  214 
,  properties,  460 
,  conjugated,  445,  449,  460 
,  conjugation    of,    iu    tbe 

body,  477,  482 
,  occurrence    in    cartilage, 
318,  400 
Glyoxyl  diureid.    See  Allantoin. 
Gmelin's  test  for  bile-pigments,  236 

test   for  bile-pigments  in   urine* 
494 
Goat's  milk,  396,  397 
Goose-fat,  absorption  of,  312 
Gorgonin,  68 

Gout,  elimination  of  uric  acid  in,  427,  428 
Graafian  follicles,  372 
Grape-moles,  384 
Grape  sugar.    See  Dextrose. 
Guaiacum  blood  test,  491 
Guanin,  115 

,  properties    and    occurrence,    117, 

lis 

in  urine,  435 
Guanin  calcium,  117 
Guanin  gout,  117 
Guano,  117,  427 
Guano- bile  acids,  228 
Guanovulit,  382 
Guanylic  acid,  109,  110 
Gulonic  acid  lacton,  460 
Gulose,  78,  83 
Gums,  various,  88 — 00 

,  animal,  45 

,  animal,  in  urine,  469 
G  unning-Leiben's  acetone  reaction,  608 
GUnzberg's  reagent  for  free  HCl,  277 

HiemataSrometer.    539 

Hsematin,  148 

,  relation  to  bilirubin,  243 
,  relation  to  urobilin,  243 
,  properties,  140 

HEPmatinometer,  153 

HEcmatinic  acids,  149 

Heematohlaats,  156 

Hsmatochlorin,  383 
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Heematocrit,  169 
Hsemtogen,  377,  382 
Heematoglobulin.     See  Oxyluemoglobin. 
Hwmatoidin,  152 

,  relation  to  bilirubin,  162,  233, 

243 
,  properties,  162 
,  occurrence  in  sputum,  645 
,  occurrence   in  corpora   lutea, 

373 
,  occurrence      in      excrements, 

302 
,  occurrence  in  sediments,  510 
Hsmatolin,  160 

Httmatoporphyrin,    relation    to    bilirubin, 
161,  243 
,  relation      to      urobilin, 

161,  455 
I  relation      to      protein- 

cbromogen,  289 
,  properties,  151 
,  occurrence      in      urine, 

466,  492 
,  occurrence      in      lower 
animals,  526 
Hecmatoporphyrinuria,  492 
HRmatoscope,  162 
Beematuria,  490 
Hsemerjtbrin,  154 
Haemin,  140,  160 
Hffimin  crystals,  160,  491 
Hcemochromogen,  139,  147,  148 

,  properties  of,  148 
,  occurrence     in     muscles, 
338 
Hfsmocyanin,  154 
Hffimoglobin,  44,  143 

,  composition  of,  139 

,  properties  and  behavior,  143 

,  quantity   in   blood,    139,    171, 

172—178 
,  quantitative    estimation,   153, 

154 
,  behavior  in  tryptic  digestion, 

200 
.  See  also  oxyhfemoglobrn  and 
the  combinations  of  htemo- 
globin  with  other  gaaes. 
Hemoglobinuria,   490 
Hsemometer,  154 
Haeser'a  coefficient,  474 
Hair,  51,  621 

,  ash  of,  521 
,  pigments  of,  624,  525 
Hair-bnIU.  303 
Half-rotation,  70 

Halogens,  action  of,  on  proteids,  23 
Hannnarsten's    reaction    for    bile-pigments, 
235 
reaction  of  bilo-pigments  in 
urine,  495 
Haptogen-membrane,  3S7 
Heat,  action  of,  on  metabolism,  679,  683 


Heat  of  combustion  of  various  food-stoffi, 
664—566 
,  loss  of,  through  the  skin,  529,  583 
generated  in  plants,  2 
Helicoproteid,  16,  50 
Heller's  albumin  test,  26 

albumin  test  applied  to  qiIim,  486 
Heller-Teichmann's  blood  test,  491 
Hemialbumose,  35 
Hemicelluloses,  91 
Hemicollin,  66 
Hemielastin,  54 
Hemipeptone,  35 
Hemp-seed  calculi,  617 
Hen's  egg,  376—784 

,  incubation  of,  382,  S83 
Herring,  spermatozoa  of,  69 
Heteroaibumose,  36,  38,  488 
Heteroxanthin,  115 

in  urine,  436 
Hexobioses,  84 
Hexon  bases,  68 
Hexoses,  78 — 84 

from  nucleoproteids,  50 
from  nucleic  acids,   110 
.  See  also  the  various  faexoses. 
High  altitude,  action  on  the  blood,  170 
Hippokoprosterin,  248 
Hippomelanin,  524 
Hippuric  acid,  440 

,  properties     and      reactioB^ 

442 
,  formation    in    the   body,  2, 

440,  441,  480 
,  cleavage  of,  440,  442 
,  occurrence  of,  440,  441 
as  sediment,  516 
Histidin,  19,  24,  59.  60,  09 
Histon,  61.  Ill,  167.  201 

in  urine,  490 
Histozyme,  443 
Hofmann's  tyrosin  test,  65 
Holothuria,  mucin  of,  48 
Hornoeerebrin,  360—362 
Homogentisic  acid,  446,  450 — 452 
Hopkins's    method    for    the    estimation  of 

uric  acid,  434,  435 
Hoppe-Seyler's  CO  blood  test,  146 

xanthin  test,   117 
Horn,  51.  521,  526 
Horn  substance  in  the  gizzard  of  birds,  52 

.  See   also   Keratins. 
Huckleberries,  coloring  matter  of,  in  urine, 

483 
Human  milk,  397—401 

,  behavior     in     the     stomich. 

270,  398 
,  composition,  398 
Humin  substances  in  urine,  453 
Humor,  aqueous,  194 
Huppert's  reaction  for  bile-pigments.  239 
reaction     for     bile-pigmeott    is 
urine,  496 
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Hyalines,  48 

of  the  walls  of  hydatid  cyats,  623 
of  Kovida's  substance,  101,  137, 
156,  197 
Hyalogens,  48 
Hyalomucoid,  366 
Hyaloplasm,  106 
Hydatid  cysts,  523 
Uydracrylic  acid,  342 
Hydrtemia,  177 
Hydramnion,  384 
Hydrazons,  73 
Hydrobilirubin,  233,  234 

,  relation  to  urobilin,  454 
Hydrocele  fluidB,  193 
Hydrochinon,  447,  483 
Hydxochinon-sulphuric  acid,  443,  447 
Hydrochloric  acid,   secretion   in    stomach, 
260,  268,  275 
,  anti-fermentive    action 

of,  274 
,  actitm  of,  on  secretion 
of    pancreatic    juice, 
283 
,  action  of,   on  py'irus, 

272 
,  quantity    of,     in     the 

gastric  juice,  260 
,  quantitative  estimation 
in    gastric    contents, 
278,  279 
,  reagents   for    free   HCl 
in    gastric   contents, 
277 
Hydrocinnamic  acid,  behavior  in  the  ani- 
mal body,  441 
Hydrocyanic  acid,  action  on  peptic  diges- 
tion, 265 
,  action    on    tryptic    di- 
gestion, 289 
,  combination         with 
hsmoglobin,  147 
Hydrogen  in  putrefactive  and  fermentive 

processes,  8,  204,  296 
Hydrogen  peroxide  in  urine,  473 

in  oxidations,  6 
,  decomposition     of,     by 
enzymes,  11 
Hydndytic  cleavages,  8,  9 

.  See  also  the  various 
cleavages. 
Hydronephrosis  fluid,  406 
Hydroparacumaric  acid  in  putrefaction  in 

the  intestine,  294 
Hyoglycooholic  acid,  228 
Hyperalbuminoais,    178 
Hyperglyciemia,  220 
Hyperlnoais,  178 
Hyperistonlc  s<riutions,  169 
Hypinosis,  178 
Hypisotonic  solutions,  159 
Hypnotics,  relation  to  formation  of  ^j- 
cogen,  214 


Hypogreic  acid,  98 

Hypophysis  cerebri,  iodothyrin  thecin,  203 
Hyposulphites  in  the  urine,  462,  476 
Hypoxanthin,  115 

,  relation  to  the  formation  of 
uric  acid,  420 

,  properties,  118 

,  passage  of,  into  urine,  435 

Ichthidin,  377,  382 
Ichthin,  382 

Ichthulin,  16,  49,  377,  382 
Icbthylepidin,  68 
Icterus,  224,  244,  245 
in  blood,  180 
in  urine,  494 
Immunity,   14 

Incubation  of  the  egg,  382 — 384 
Indican  test,  Jaffa's,  448 

,  Obermeyer's,  449 
Indican,  urine,  447 — 449 

.elimination  in  starvation,  297,447 
,  elimination  in  disease,  447,  448 
Indigo,  448 

in  sweat,  529 
in  urinary  sediments,  616 
Indigo  blue,  448,  463 
Indol,  properties,  296,  296 

,  formation  from  proteid,  18,  20 

,  formation  in  putrefaction,  294,  297, 

443,  447 
,  behavior  in  animal  body,  470,  482 
Indophenol  blue,  5,  7 
Indoxyl,  443,  447 

Indoxyl-glycuronic  acid,  447,  449,  482 
Indoxyl  red,  440 

Indoxyl-Bulphuric  acid,  443,  447—440 
Inosinic  acid,  338,  340 
Inosit,  properties  and  occurrence,  541 
in  urine,  506 
,  relation  to  formation  of  glycogen, 
214 
Intestinal  calculi,  303 
Intestinal  contents,  291 — 303 
Intestinal  fistula,  280,  293 
Intestinal  gaseR,  294,  296 
Intestinal  juice.  280—282 
Intestinal   qiucosa,  280 
Intestine,  putrefactive  processes  in,  293 — 
300 
,  reaction  in,  203,  300 
,  absorption    in,    298—300,    304 — 

316 
,  digestive  processes  in,  201 — ^294 
Intracellular  enzyme  action,  10 
Inulin,  83,  88 

,  relation  to  formation  of  glycogen, 
214 
Inversion,  86,  210.  266,  280,  201,  308 
Invertin,  12,  86,  280,  308 
Invert-sugar,  84 

Iodides  and  secretion  of  gastric  juice,  268 
Iodine  equivalent,  07 
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Iodine,  passage  of,  into  mitk,  404 
,  pHssage  of,  into  sweat,  529 
,  passage  of,  into  saliva,  258 
Iodized  albuminates,  23,  68 
Iodized  fats,  327,  403 
lodo-cholalic  aciu  compound,  229 
Iodoform,  beha%'ior  in  the  animal  body,  477 
test.  Gunning's,  608 
test,  Lieben's,  508 
lodogorgonic  acid,  58 
lodoepongin,  68 
lodothyrin,  201,  203 
lones,  relation  to  ferment  action,  IS 
Iron  in  blood,  134,  170,  171 

in  blood- pigments,  139,  148,  150,  153, 

243 
in  bile,  238,  243 
in  urine,  472 
in  the  liver,  209,  210,  243 
in  milk,  395,  399.  401 
in  the  spleen,  199,  200 
in  muscles,  345,  354 
in  new-bom,  199,  210,  401 
in  protein  substances,  7,  16,  31,  113, 

199,  207,  243 
in  cells,  121 
,  elimination  of,  238,  243,  266,  472 
and  blood  formation,  176,  377 
,  absorption  of,  176 
granules  in  the  spleen,  199 
Iron  salts,  elimination  by  the  urine,  472 
,  action  on  the  blood,  170 
,  action  on  trypsin  digestion,  289 
,  absorption   of,   176 
Iron   starvation,   56.5 
Ischuria  in  cholera,  628 
laocholesterin,  246.  248 

in  vemix  caseosa,  526 
Isocreatinin,  338,  339 
laodulcite,   78 
laodynamic  law,  556 
Isoglucosamin,  74 
Isoinaltose,  84,  86.  253.  285 

in  urine,  459 
Isosnccharin.     relation     to     formation     of 

glycogen,  214 
Isotonic  solutions,   15!) 
Isotro]>ous  substance.  332 
Ivory.  326 

Jafff-'s  indican  test.  448 

creatinin  test,  424 
Janthinin.  526 

Japanese,  nutrition  of,  685,  586 
■Taune  indien,  460 
Jecorin,  105,  172.  199 

.  properties  and  oecurrenee,  209 
Jei)uirity   liean.   14 
Jolles's  reaction  for  bile-pigmenta,  495 

Kairin.  artion  on  the  urine,  483 
Kaufmann's   method   of   studying  metabo- 
lism, 553 


Kephalines,  359,  362 
Kephir,  392 

,  anti-putrefactive  action,  £98 
Kerasin,  360,  362 
Keratinose,  52 
Keratins,  16,  61,  52 

,  properties,  61,  52 
,  behavior  in  the  stomach,  266 
,  behavior  with   pancreatic  juiec 
290 
Ketoeea,  72,  74 
Kidneys,  406 

,  relation    to    formation    of    uric 

acid,  431 
,  relation  to  formation  of  urea,  414 
,  relation  to  formation  of  hippurie 
acid,  442 
Kjeldahl's  method  of  determining  nitrogen, 

417 
Knapp's  titration  method,  603 
Knee-joint  cartilage,  320 
Knop-HQfner's     method     for     detemiittin| 

urea,  421 
Koprosterin,  247,  302 
Kumyss,  392 
Kyeatein,  516 
Kynurenic  acid,  451,  452,  463 

Laborer,  diet  of,  685,  590 
LacUlbumin,  16,  391 
Lactase,  281,  392 

Lactates.    See  Lactic  acids,  also  344. 
Lactic-acid  fermentation,  76,  81,  271.  274, 

276,  342,  386. 
302 
in  intestine, 292, 

308 
in   stomach.  274. 

276 
in      milk,     386, 
396 
Lactic  acids,  342—345 

in   intestine,  293 
in  urine.  343.  429,  459 
in  bones,  324 

in  stomach,  260,  270.  274 
,  relation  to  formation  of  uric 

acid,  429 
.  See  also  Paralactie  and  F«- 
mentation  lactic  acids. 
Lacto-caramel,  392 
Lacto-globulin,  391 
Lactones  of  varieties  of  sugars,  72 
I^acto-phosphocamic  acid,  391 
T,Acto- protein.  391 
T..actose.     See  Milk-sugar,  391 
Lspvo-lactic  acid,  342 
Laiose,  505 
I^uocerio  arid,  627 
Lanolin.  248 
Lanopalmitic  acid,  527 
Lanugo  hair.  384 
Lard,  absorption  of,  312 
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Lat«bra,  376 
Laurie  acid,  92 

in  butter,  388 
in  spermaceti,  98 
Laxatives,  action  on  the  blood,  178 
Lead    colic,    elimination    of    urobilin    in, 

456 
Lead  in  the  blood,  170 
in  the  lirer,  211 
,  passage  of,  into  milk,  404 
Lecithalbumins,  31 

,  relation    to    secretion    of 

gastric  juice,  269 
,  relation     to    secretion    of 
urine,  405 
Lecithin,  properties,  occurrence,  etc.,   103, 
104 
in  milk,  399 
,  action  on  coagulation  of  blood, 

166 
,  putrefaction  of,  104,  297 
,  relation    to    muscular    activity, 
350 
Legal's  acetone  reaction,  609 

indol  reaction,  259 
Legumin  from  peas,  43 
Leinolic  acid,  92 
Lens  (see  Crystallin  lena),  367 
,  capsule  of,  367 
,  fibres  of,  367 
Leo's  method  for  determination  of  acidity, 
278 
sugar,  505 
Lepidoporphyrin,  525 
Lepidotic  acid,  625 
Lethal,  98 
Leucsmia,  blood,  115,  178 

,  uric  acid,  elimination  in,  200, 

427,  428 
,  zanthin    bodies    in,    115,    178, 
436 
Leuceines,  IS 
Leucines,  18 
Leucin,  18,  62—64 

,  relation  to  formation  of  uric  acid, 

429 
,  relation  to  formation  of  urea,  412, 

476 
,  preparation,  65,  66 
,  properties,  62--64 
,  passage  of,  into  urine,  511 
,  behavior  in  the  animal  body,  412, 
476 
Leucin  ethylester,  64 
Leucinic  acid,  63 
Leucinimid,  IB,  22 
Leucocytes,  relation  to  absorption,  306 

,  relation  to  formation  of  uric 
acid,  430 
in  thymua  gland,  201 
Leucomainea,  14 

in  urine,  463 
in  muscles,  341 


Leuconuclein,  163,  165,  166,  201 
Levulinic  acid,  78,  109 
Levuloee,  72,  73,  74,  78,  83,  84 
in  urine,  605 
,  relation  to  glycogen  fonnatioa, 

215,  221 
,  absorption  of,  308 
,  behavior  in  diabetica,  221 
in  traneudatioos,  190 
Licheaia,  88 

Lieben's  acetone  reaction,  608 
Lieberkilhn's  alkali-albuminate,  18,  32 

glands,  280 
Liebermann's  reaction  for  proteida,  27 
Liebermann-Burchard's  reaction  for  choIe»- 

terin,  247 
Liebig's   titration    method    for   estimating 

urea,  418—421 
Ligaraentum  nuchee,  53,  54 
Lignin,  90 

Linseed  oil,  feeding  with,  327 
Lion's  urine,  425 
Lipaoideemia,  179 
Liptemia,  179 

Lipanin,  absorption  of,  312 
Lipochromes,  134,  377 
Lipolytic  enzyme  in  the  blood,  134 
Lipuria,  511 
Lithium  in  blood,  170 
Lithium  lactate,  344 
Lithium  urate,  432 
Lithobilic  acid,  304 
Lithofellic  acid,  231,  304 
Lithuric  acid,  463 
Liver,  206—211 

,  relation    to    coagulation    of    blood, 

168 
,  relation  to  formation  of  uric  acid, 

428,  431 
,  relation  to  formation  of  urea,  412, 

413,  414,  431 
,  blood  of,  173,  218 
,  proteids  of,  207 
,  fttt  of.  208,  209 
,  quantity  of  sugar  in,  218 
Liver  atrophy,  acute,  yellow, 

,  elimination  of  ammonia  in, 

415 
,  elimination     of     urea     in, 

415 
,  elimination    of   leucin    and 

tyrosin  in,  511 
,  elimination    of   lactic   acid 
in.  343,  459 
Liver  cirrhosis,  ascitic  fluid  in,  193 

,  action  of,  on  the  elimina- 
tion   of    ammonia    and 
urea,  415 
Liver  dextrin,  214 

Liver  extirpation,  elimination    of    ammo- 
nia with,  415,  428 
,  elimination  of  uric  acid 
with,  428 
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Liver    eztiipatioii,    eliminatioa    of    lactic 
acids  with,  343,  428, 
459 
,  action  on  formation  of 
bile,  241,  242 
Lung  catheter,  539 
Lungs,  554,  655 
Luteins,  377,  378 

in  corpora  lutea,  373 
,  egg-yolk,  377 
in  serum,  134 
,  relation  to  bsematoidin,  373 
Lymph,  183—188 
Lymphagoguea,  187 
Lymphatic  glands,  198 
Lymph-cells,  quantitative   compoaition   of, 
201 
.  See  also  Leucocytes. 
Lymph-fibrinogen.     See  Tisaue-fibrinogen. 
Lysatin,  19,  69,  412 
Lysatinin,  19,  69,  289 
Lysin,  19,  24,  59,  68,  289 
Lyauric  acid,  68 

Mackerel,  flesh  of,  356 
Madder,  feeding  with,  344 
Magnesium  in  urine,  466,  472,  475 
in  bones,  322,  325 
in  muscles,  345,  354 
.  See   also   various   tissues  and 
fluids. 
Magnesium  phosphate    in    iutestinal    cal- 
culi, 303 
Magnesium  phosphate  in  urine,  466,  472 
Magnesium   phosphate   in   urinary  calculi, 

516,  518 
Magnesium     phosphate     in     urinary    sedi- 
ments, 514,  516 
Magnesium  phosphate  in  bones,  322 
Magnesium  soaps  in  excrements,  301 
Malaria,  180 
Malic  acid,  behavior  in  the  animal  body, 

476 
Maltase,  86 

in  blood,  133 
Malt  diastase.  253 
Maltodextrin,  89 
Maltose,  S5 

,  formation    from    starch,    89,    253, 

28.5 
,  absorption  of,  308,  309 
,  relation    to    glvcogen    formation, 

2IG 
,  action  with   intestinal  juice,  280, 
291.  308 
Mammary  glands.  385,  403,  404 
Mandelic  acid.  479 
Man  in  poorhouse,  diet  of,  589 
Mannite,  78.  83 

,  relatinrn     to     formation     of    gly- 
cogen. 214 
Mannose,  75,  78,  83,  91 
Mannoso-cellulo&e,  91 


Mark's  milk,  396,  397 
Margarine  and  margaric  acid,  04 
Marsh-gas,  formation  in  putrefaction,  294, 

296 
Maschke's  acetone  reaction,  424 
Meat  extracts,  action  on  secretirai  of  gai- 

trie  juice,  259 
Meat  in  intestinal  tract,  307 
,  calorific  value  of,  654,  565 
,  digestibility  of,  272 
,  composition  of,  329,  354 — 356 
.  See  also  muscles. 
Meconium,  302 
Medulla  oblongata,  363 
Melaneemia,   180 
Melanins,  524 

,  relation  to  blood-pigments,  524 
,  relation     to     proteinchromogen, 

289 
,  properties  and   occurrence,  624, 
525 
in  the  eye,  366 
in  hair,  493 
Melanogen  in  the  urine,  493 
Melanoidic  acid,  624 
Melanotic  sarcoma,  pigment  of,  524,  525 
Melebiose,  87 
Melissyl  alcohol,  98 
Melliteemia,  179 
Membranines,  48,  321,  367 
Menstrual  blood,  174 
Menthol,    behavior   in    the    animal  body, 

482 
Mercapturic  acid,  482 
Mercury  salts,  passage  of,  into  milk,  404 
,  passage  of,  in  sweat.  5i9 
,  action  on  ptyalin,  254 
,  action   on  trypsin,  289 
Mesitylen,  behavior  in  the   animal  body, 

480 
Mesitylenic  acid,  480 
Mesityleniiric  acid,  480 
Metabolism,   dependence   of   external   tem- 
perature upon,  583 
in  various  ages,  579 
in   work   and   rest,   350 — 354, 

580—582 
in  different  sexes,  579 
in  starvation,  556 — 562 
with     different     food  -  stuffs, 

566—578 
in  sleep  and  waking,  582 
,  calculation  of  extent  of,  549 — 
554,  561,  562 
Metalbumin,  374 

Metaphosphoric    acid,   constituent   of   nn- 
cleins,     31,     108, 
112 
,  as  reagent   for  pro- 
teids,  26,  485 
Methcemoglobin,  144 

in  blood  in  poisoning,  IW 
in  urine,  400 
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Methal,  98 

Methane,    formation    in    putrefaction,    ^, 

294,  296 
Methoee,  79 
MethyleniUn,  79 
Methyl  glycocoll.     See  Sarcoain. 
Methylguanidin,  339,  423 
Methylguandin -acetic  acid.    See  Creatin. 
Methyl  hyddndoiaii;  acid,  476 
Methyl  indol.     See  Skatol. 
Methyl  mercaptan  in  proteid  putrefaction, 
20,  54,  294,  296 
in  urine,  483 
Methyl  pentose.     See  Rhamnose. 
Methyl    pyridin,    behavior   in   the  animal 

body,   479 
Methyl-pyridyl-aniTDonium  hydroxide,  483 
Methyluramin,  339,  423 
Methyl  xanthin,  115,  435.  436 
Mett's  method  of  estimating  pepsin,  264 
Micrococcus  restituens,  306 
Micrococcus  uren,  10,  514 
Microorganiams  in  intestinal  tract,  12,  274, 

294.  297,  301 
Milk,   385—405 

,  secretion  of,  402—404 

,  consumation    of,    in    intestine,    307, 

313 
,  blue  or  red,  404 

,  anti-putrefactive  action  in  intestine, 
■  298,  444 
in  disease,  404 
,  passage  of  foreign  bodies  into,  404 
,  behavior  in  the  stomach,  270,  274, 

398 
,  action  on   the  secretion  of  gastric 

juice,  259 
,  action  on  the  secretion  of  pancreatic 

juice,  284 
.  See  also  different  varieties  of  milk. 
MUk-fat,  388,  397 

,  analysis  of,  394 
,  formation   of,  403 
Milk-globules  from  cow's  milk,  387,  388 

from  human  milk,  397 
Milk-plasma,  388 
Milk-sugar,  87.  391,  392 

,  relation  to  formation  of  gly- 
cogen, 216 
,  properties,  391,  392 
,  fermenUtion,  .386,  3i)2.  396 
,  inversion  of,  281,  291,  392 
,  calorific  value  of,  554 
,  quantitative  estimation,  396 
,  absorption  of,  308 
,  passage  of,  into  urine,  216,392, 

505 
,  origin  of,  385,  403,  404 
Millon's  reagent,  27 

Mineral  acids,  alkali-removing  action  of, 
408,  471,  535,  563 
,  anti-fermentive    action    of, 
274 


Mineral  acids,  action  on  the  eliminatifnt 

of  ammonia,  471,  665 
Mineral  bodies,  elimination  in  starvatioiiy 
560 
,  insutticient      supply      of> 

662—566 
,  behavior  in  the  organism* 

563 
.  See  also  the  various  fluids, 
tissues,  and  juices. 
Mitoplasm,  106 
Mixture  of  the  nitrt^enous  substances  ia 

the  urine,  411,  427,  428 
Modified  proteids,  29 

Mohr's  titration  method  for  chlorine,  464- 
Molisch's  sugar  test,  82 
Monamido  acids,  62 
Monosaccharides,  72 — 84 
Moore's  sugar  test,  80 

M6mer-Sj6qvist's     method     of    estimatiojp 
urea,  421 
method     of    estimating 
acidity,  278 
M&mer's  reaction  for  aceto-acetic  acid,  51(1 
Morphin,  passage  of,  into  urine,  483 
,  passage  of,  into  milk,  404 
Mucic  acid,  84,  89,  392 

,  relation   to  formation   of  gly-- 
cogen,  214 
Mucilages,  vegetable,  88,  90 
Mucin,  16,  45,  46 

in  sputum,  646 
in  connective  tissue,  316 
in  urine,  462,  489 
in  salivary  glands,  46,  249 
,  detection  of,  in  urine,  489 
Mucin-like  substances  in  bile,  226 

in  urine,  462,  489'  , 

in  kidneys,  406 

in      thyroid      gland;.. 

201 
in  synovial  fluid,  I9S  - 
Mucinogen,  47,  260 
Mucinoids.     See  Mucoids. 
Mucin  peptone,  46,  266 
Mucoids,  16,  47.  48 

in  ascitic  fluids,  190,  193 
in  the  vitreous  humor,  317,  367  ' 
in  the  cornea,  321 
Mucose,  46 

Mucous  glands,  45,  249 
Mucous  membraneK  of  the  stoutach,  25T.' 
Mucous  tissue,  316 
Mucus  of  the  bile,  225.  239 

of  the  urine,  406,  462,  489. 
of  synovial  fluid,  195 
Mulberry  oalouli,  518 
Murexide  test.  433 

Muxcle.  congulation  of,  334,  336,  346,  36T 
Muscle-fih'res.  332 
Muscle-pigments.  .^7 
Muscle-plasme.  333 
Muscle-serum,  333 
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Muscle-stromft,  335 
Muaole-sugar,  342 
ilU3cle-ayntonin,  330 
Muscles,  striated,  356 

,  unBtriatecl.  332—356 

,  blood  of,  174,  348,  349 

,  chemical    processes   in    work   and 

rest,  347—354 
,  chemical  processes   in   rigor,   346, 

347 
,  proteids  of,  333—337 
,  extractives  of,  338—345 
,  pigments  of,  337 
,  fat  of,  345,  352,  355 
,  gases  of,  346,  348,  352 
,  calorific  value  of,  554,  555 
,  mineral  bodies  of,  345,  356 
,  amount  of  water  in,  355 
,  composition  of,  354 
MuBCOsamitt,  46 

Muscular  energy,  origin  of,  352 — 354 
Muscular  force,  chemical  processes  in  mus- 
cles, 347—354 
,  action  of,  on  urine,  408, 

423,  425,  461 
,  action  of,  on  metabolism, 
347—354 
Musculin,  16,  335,  337 
Mussels,  glycogen  of,  211 
Mustard-seed  oil,   action  on   the  seoretioQ 

of  pancreatic  juice,  284 
Mutton-fat,  feeding  with,  327 

,  absorption  of,  312,  313 
Mvco-protein,  17 
Myeline  forms,  104,  359 
Myetinps,  359 
Myoalbumose,  335 
Myoalbumin,  335 
MyoRen.  337 
Jdyogen  fibrin,  334,  337 
Myoglobulin,   335 
Myohtemafin.  338 
Myoproteid,  337 
Myosin,  334,  337 

,  in  leucocytes,  156 
,  absorption  uf,  304 
Myosin  f'rnicnt,  336 
Mvosin  fibrin,  334.  337 
Myiisiiiofren.  330,  337 
Wvoftinosps.  3li 
Myricin,   i)8 
^lyricyl  alcohol,  98 
^lyristic  acid  in  animni   fat,  92 
in  butter.  388,  307 
in  bile,   237 
in  wool-fat,  527 
Myxedema,  202,  203,  317 

Nails,  51.  521 

24aphtlialin,  action  on  urine,  483 

,  behavior  in  the  animal  body, 
479 
Kaphthol-glycuronic  acid,  482,  483 


Naphthol,  reagent  for  sugar,  82,  fiOO 

,  behavoir   in    the    animal    bod;, 
482,  483 
Narcotics,  relation  to  glycogen  formation, 

214 
Native  proteids,  29 
Navel  cord,  mucin  of,  46,  47,  317 
Neossin,  48 
Nerves,  364 
Neuridin,  359,  362,  376 
Neurin,  103 

,  in  suprarenal  capsule,  204 
,  in  protagon,  359 
Neurochitin,  364 
Neurokeratin,  51,  358,  364 
Neutral  fats.     See  Fats. 
Nickel  salts,  behavior  to  amido-acids,  69 
Nicotin,  action  on  quantity  of  CO,  in  the 

stomach,  271 
Nitrates  in  the  urine,  470 
Nitric-oxide  heemoglobin,  147 
Nitro-benzaldehyde,  bshavior  in  the  ani- 
mal body,  480 
Nitro-benzoic  acid,  22,  480 
Nitro-benzyl  alcohol,  481 
Nitro-cellulose,  91 
Nitro-hippuric  acid,  480 
Nitro-phenyl-propiolic    acid,    reagent    for 

sugar,    82, 
600 
,    behavior    in 
the  animal 
body,  449 
Nitro-toluo),  behavior  in  the  animal  bodv, 

482  . 
Nitro-tyrosin  nitrate,  65 
Nitrogen,  combined,  amount  of,  in  intesti- 
nal        evacuations, 
548,  549 
,  in  meat,  356,  550 
,  in  urine,  411 
,  estimation        of.       in 
urine.  417,  421 
Nitrogen  elimination   in    work     and    rest. 
350.      351.     352, 
580 
in     starvation,    557, 

558 
with    various    foods, 

566—570 
by  the  intestine,  307. 

548.  549 
by    the    urine,    411. 
467,    469,    548— 
550 
by      the      epidermis, 

549 
by  the  sweat,  528, 
548 
,  relation  to  tte 
elimination  of 
phosphoric  acid, 
467 


muff^. 


617 


Nitrogen  elimination,  relation  to  the 
elimination  of 
sulphuric  acid, 
469,  650 
,  relation  to  digestive 
activity,  471, 
648,  570 
Nitrogen,  free,  in  blood,  530 

,  in  intestine,  296 
,  in  stomach,  271 
,  in  secretions,  534 
,  in  tranaudationa,  536 
Nitrogen  in  the  proteJd  molecule,  17,  18 
Nitrogenous  deficit,  649 
Nitrogenous  equilibrium,  549 

,  w  i  t  h      various 
foods,     567, 
669,   572,  673, 
675 
Nitroso-indol  nitrate,  295 
Nubecula,  406,  462 
Nucleic  acids,  50,  107,  109—111,  113 
in   the  urine,  489 
,  combination    of,   with    pro- 
tamine, 371 
Nuclein  bases,  49, 50, 107, 108,  109, 1 13—120 

in  the  urine,  436 
Nucleins,  60,  107,  108,  112,  113 

,  relation    to    elimination    of    al- 

loxuric  bases,  436 
,  relation    to    formation    of    uric 

acid,  429,  430 
,  relation  to  elimination  of  P,0,, 

466 
,  absorption,  650 

,  behavior  with  gastric  juice,  266 
,  behavior  with  pancreatic  juice, 
290 
Nuclein  plates,  167 
Nucleo-albumins,  16,  30 

in  the  bile,  226 
in  the  urine,  402,  489 
in  the  kidneys,  406 
is  protoplasm,  30,  101 
in  synovial  fluid,  195 
in  transudaticms,  189, 190, 
192 
,  behavior  in  pepsin  diges- 
tion, 30,  265,  398 
Nucleo-histon,  16,  101,  111 

,  relation    to    coagulation    of 
blood,  164,  166 
in  urine,  400 
Nueleo-proteidB,  16,  31,  60,  108,  HI,  112 
in  the  liver,  207 
in  gastric  juice,  260,  261 
in  mammary  glands,  386 
in  muscles,  336,  359 
in  the  kidneys,  405,  406 
in  the  pancreas,  282 
in  protoplasm,  101 
in  cell   nucleus,    106,    HI, 
H2 


Nucleo-proteids,  as  oxygen  carriers,  7 

,  behavior    in   pepsin   diges- 
tion, 60,  112,  266 
Nucleon,  340 

in  milk,  391,  399 
Nucleosin,  110 
Nucleothymie  ac'j,  110 
Nutrition  requirements,  568 

of  man,  584 — 690 
Nylander's  reagent.     See  Alm^n-BOttger'B 
sugar  test. 

Obermeyer's  indican  test,  449 

ObermUller's  cholesterin  reaction,  247 

Odoriferous  bodies  in  the  urine,  616 

(Edema,  subcutaneous,  fluid  from,  195 

Oertera  diet  cure,  590.  591 

(Esophagus  fistula,  258 

Oleic  acid,  95 

Olein,  94,  96 

Oligwmia,  177 

Oligocythiemia,  177 

Oliguria,  475 

Olive  oil,  absorption  of,  312 

,  action  on  the  secretion  of  bile,225 
Onions,  behavior  with  saliva,  256 
Onuphin,  48 
Oocyanin,  382 
Oorodein,  382 
Opaliain,  388,  398 
Opium,  404 
Optograms,  366 
Organic  acids,  behavior  in  the  animal  body, 

407,  461,  476 
Organized  proteids,  568,  569 
Organs,  loss  of  weight  in  starvation,  561 
Organs  of  generation,  370 — 385 
Ornithin,   19,  68,  480,  481 
Omithuric  acid.  68.  480 
Orthonitro-toluol,  482 
Orthonitro  -  phenyl  -  propiolic     acid.       See 

Nitro-phenyhpropiolic  acid. 
Orylic  acid,  391 
Osamins,  75 

Osamines  of  varieties  of  sugar,  75 
Osazones,  73 

Osmosis,  relation  to  absorption,  1B7,  316 
Osmotic  pressure  of  blood,  159 
Osone,  74 

Ossein,  66,  321,  324 
Osteomalacia,  324,  326 

,  lactic  acid  in  urine,  343 
Osteoporosis.    See  Osteoaclerosis. 
Osteosclerosis,  324 
Otoliths,  369 
Ovalbumin,  16,  379 

,  behavior  in  the  animal  bod;'* 
131,  380 
Ovarian  cysts,  373—376 
Ovaries,  372 
Ovglobulin,  379 
Ovomucin,  379 
Ovomucoid.  .48,  380,  381 
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Ovovitellin,  16,  876 

Ovum,  376—384 

Oxalate  calculi,  517 

Oxalate  of  lime.    See  Calcium  ozaJate. 

Oxalates,  action  on  blood  coagulation,  124 

Oxalic  acid  in  the  blood,  179 

in  the  urine,  438,  439 
(behavior  in  the  animal  body, 
438,  476 
Oxaluria,  439 
Oxaluric  acid,  426.  438 
Oxamid,  18 
Oxidaaes,  7 
Oxidation  ferment,  6 

Oxidations,  \-~9,  142,221,294,330,413,414, 
429,  443,  447,  454,  476,  477,  47B,  4S0,  637 
Oximes,  73 
Oxonic  acid,  426 

Oxyacids,  formation  in  putrefaction,  294 
,  pauage  of,  in  urine,  294,  460 
,  paiwge  of,  in  the  sweat,  529 
OzybenEoti!  add,  behavior  in  the  animal 

body,  480 
OxyboKile,  479 
Oxybutyric  acid  in  the  blood,  536 

,  passage  of,  into  the  urine, 
471,  510 
Oxycamic  acid,  44 
Oxyfatty  adfa,  92 

Oxygen,  consumption  in  work  and  rest,  348, 
352 
in  starvation,  559,561 
by  the  skin,  529 
Oxygen,  activity  of,  4  -7,  142 

in  the  blood,  531,  536—540 

in  the  intestine,  2S)C 

in  the  lymph,  184,  535 

in  the  stomach,  271 

in  the  swimming-bladder  of  fishes, 

543 
in  secretions,  535,  536 
in  transudations,  536 
,  combination  of,  in  the  blood,  140, 

141,  536,  539,  540 
,  tension  of,  in  blood,  537 — 541 
,  tension  of,  in  expired  air,  538 — 540 
,  action  of  COa  in  expired  air,  542 — 

544 
,  lack  of,  action  on  proteid  destruc- 
tion. 343.  350,  351,  411 
,  lack   of,  action   on   elimination  of 

lactic  acid,  343,  459 
,  lack  of,  action  on  elimination  of 

sugar,  343,  459 
,  specific  capacity.  541 
Oxygen  carriers,  7—8.  142 
.Oxygen,  calorific  value  in  the  combustion 

of  different  foods,  553 
Oxygen  consumption  in  the  blood,  144,532 
Oxj'hfematin,  148 
Oxyhaemocyanin,  154 
Oxyhemoglobin,  140 

,  dissociation  of,  140,  551 


Oxyhtemoglobin,  pK^>ertle8  and  nutioBt, 
.140,  141 
,  quantity  of,  in  the  blood, 

139,  171,  172,  177 
,  quantity  in  the  muscln, 

337 
,  passage  of,  into  the  urine, 

490 
,  behavior      with      gastrie 

juice,  266 
,  behavior  with  trypBin,291 
Oxyhydro-paracumaric  acid,  451 
Oxymandelic  acid,  461,  452 
Oxynapthalin,  470 
Oxynitro-albumin,  22 
Oxypbenyl-acetic  acid,  64,  294,  4S1,  481 
Oxyphenyl-  amido  -  propionic     acid.      See 

Tyr<»in. 
Oxyphenyl-propionie  acid,  23,  294,  451,  482 
Oxyproteic  acid  in  urine,  461 — 463 
Oxyproto-sulphonic  acid,  23 
Ozone,  3 

Ozone  exciter,  142 
Ozone  transmitter,  142 

Palmitic  acid,  94 
Palmitic-acid  ester,  98 
Palmitin,  94 
Pancreas,  282,  283 

,  relation  to  glycolyris,  133,  2!4, 

283 
,  extirpation  of,  action  on  absorp- 
tion, 307,  310—314 
,  extirpation    of,    elimination    of 

sugar,  221—223 
,  charge   of,  200 
,  change  during  secretion,  282 
Pancreas  diabetes,  222 
Pancreas  proteid,  77,  283 
Pancreas  rennin,  290 
Pancreatic  casein,  290 
Pancreatic  juice,  283 

,  secretion  of,  283,  284 
,  enzymes  of,  284 — 291 
,  action      on      food-stuffs, 
282—290 
Parabanic  acid,  116,  426 
Paracasein,  390 
Parachymosin,  267 
Paracresol,  formation  in  putrefection,  294, 

443,  444 
Paraglobulin.    See  Serglobulin. 
Parahtemoglobin,   141 
Paralactic  acid.  342.  343 

in  the  blood,  134,  172,  344 
,  relation    to    formation    of 

uric  acid,  429 
,  properties  and  occurrence, 

343,  345 

,  formation    from   glycogen, 

344,  346 

,  formation  in  osteomalacia 
bones,  325 
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Faralactic  acid,  formation  ia  musole  dur* 
ing  work,  349,  352 
,  formation,  in  rigor  mortis, 

340 
,  formation,      in     lack      of 

oxygen,  344,  34&,  459 
,  formation,      in      animaU 
with   extirpated    livers, 
344,  469 
,  passage  of,  into  the  urine, 
429,  459 
Paralbumin,  374 
Paraljtic  saliva,  250 
Faramidopbenol,  47S 
Paramucin,  375 
Paramyosinogen,  335 
Paranuclein.     See  Pseudonuclein. 
Para-oxyphenyl-acetic  acid,  294,  450,  451 
Paraoxjphenyl  propionic  acid,  450,  451 
Paraoxypropiopbenon,  behavior  in  animal 

body,  482 
Parapeptone,  235 
Paraxantbin,  116,  436 

in  urine,  436 
Parietal  or  delomorphic  cells,  267 
Parotid,  249 
Parotid  saliva,  251 
Parovarial  cysts,  375 
Pea  legumin,  43 
Pemphigus  chronicus,  195 
PeniciJlum  glaucum,  63 
Pentaerinin,  526 

Pentamethylendiamin.     See  Cadaverin. 
Pentosanes,  77 
Pentoses,  77 

,  relation   to  glycogen  formation, 
78,  214 
in  urine,  606 
in  pancreas,  78 
in  nuclein  bases,  109 
in    nueleoproteida,    60,    78,   208, 
386 
,  relation    to   elimination   of  hip- 
puric  acid,  442 
Penzoldt,  acetone  reaction,  609 
Pepsin,  260 

,  properties,  261 

,  detection  in  gastric  contents,  276 
,  quantitative  estimation,  263,  264 
,  occurrence  in  the  urine,  314,  462 
,  occurrence  in  muecles,  338 
,  action  on  proteid,  263 
,  action  on  other  bodies,  266 
Pepsin-like 'enzyme,  260,  261 
Pepsin  digestion,  263,  267 

,  producU  of,  260,  266,266 
Pepsin  glands,  267 
Pepain-hydrocbloric  acid,  260 
Pepsinogen,  257,  269 
Pepsin  test,  263 
Peptocbondrin,  318 
Peptones,  33—40 

in  putrefaction,  20,  294 


Peptones  in  pepsin  digestion,  33 — 39,  266 
in  trypsin  digestion,  33 — 39,  289 
,  assimilation  of,  322—325 
,  relation  to  amylolyaJs,  256 
,  preparation,  4U 
,  nutritive  value  of,  306,  571 
,  absorption  of,  304,  3U6 
,  passage  of,  into  urine,  306,  487 
,  action  on  the  secretion  of  gastrio 
juice,  259 
Peptone-plasma,  124,  162 

,  carbon-dioxide  tension,  643 
Peptonuria,  520 
Pericardial  fluid,  180,  101 
Perilymph,  369 
Period  of  incubation,  383 
Peritoneal  fluid,  189,  192 
Permeability  of  the  blood  corpuscles,  160 
Peroxyprotic  acid,  23 
Perspiratio  insensibilis,  548 
Pettenkofer's  test  for  bile  acids,  227 

respiration  apparatus,  544 
Pbacozymase,  368 
Pbaseomannit,  341 
Phenaceturic  acid,  443,  479,  480 
Phenol-glycuronic  acid,  444,  482 
Phenol-sulphuric  acid  in  the  urine,  443~- 
446 
in  sweat,  528 
Phenols,  elimination    by    the    urine,    299, 
443—450,  478-^81 
in  starvation,  297 
,  estimation  in  the  urine,  445,  448 
,  action  on  the  urine,  446,  483 
,  formation     in     putrefaction,     21, 

294-^43,  444 
,  behavior  in  the  animal  body,  294 
Phenyl-acetic  acid,  formation  in  putrefac- 
tion, 22,  294 
,  behavior  in  the  animal 
body,  479 
Phenylalanin,    66.      See    Pheoylamidopro- 

pionic  acid. 
Phenyl-amido-acetic  acid,  behavior  in  the 

animal  body,  479,  480 
Phenyl-amido- propionic  acid,  23 
Phenyl-amido-propionic  acid,   behavior  in 

the  animal  body,  478,  480 
Phenyl-glucosazonc,  82 
Phenyl-glucoshydrazine,  73 
Phenyl-hydrazine  test,  81 

in  the  urine,  498 
Phenyl-lactosazone,  392 
Phenyl -maltosazone,  86 
Phenyl -propionic  acid,  behavior  In  the  ani- 
mal body,  441,  479 
Phenyl-propionic    acid,    formation   in    pu- 
trefaction, 23,  204,  441 
Philothion,  4 
Pblebin,  138 
Phlorhizin,  219,  507 
Phlorbizin  diabetes,  219,  607 
Phloroglucin  as  reagent,  78,  277,  606 
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Phosphate  caltnili,  618 
Phosphate  diabetes,  407 
Phosphates  in   uriae,   407,  466—469,  484, 
614—516 
,  See  also   the  ditferent  phos- 
phates. 
Phosphocamic  acid,  43,  338,  340 

ID  the  milk,  391 
ia  the  urine,  462 
in     relation     to     the 
elimination    of   CO, 
and  lactic  acid,  347 
in  relation  to  muscu- 
lar    activity,     362, 
364 
Phoapho-glyco-proteid,  44,  49 
Phosphoric  acid,  elimination  bv  the  urine, 
46ti,  469,  472 
,  formation     in     muscular 

activity,  350 
,  physiological  importance, 
!21 
PhoBphorized   combinations   in  the  urine, 

462 
Phosphorus     poisoning,     action     on     the 
elimination    of 
ammonia,  416 
,  action      on      the 
elimination     of 
urea,  415 
,  action      on      the 
elimination     of 
lactic  acid,  340, 
450 
,  fatty       degenera- 
tion caused  by, 
208,  328 
,  change      in      the 
urine,  340,  416, 
511 
Photomethfemoglobin,  145 
Phrenosin,  361 

Phthalic  acid,  behavior  in  the  body,  478 
Phyiloporphyrin,  139 
Phymatorusiu,  524 

in  the  urine,  493 
Physetoelie  aoid.  98 
Phvtosterines,  246 
Phj-tovitellin,  43 

n-Picolin,  behavior  in  the  animal  body,  481 
Picric  acid,  reagent  for  proteid,  26,  488 
,  reagent  for  creatinin.  424 
,  reagent  for  sugar,  82,  500 
Pigment  calculi,  245 
Pigments  of  the  eve.  365—307 

of  the  blood,   138—155 

of    the    blood-aerum,     134,    377, 

378 
of  the  corpora  lutea,   152,  376 
of  the  egg-shell.  382 
of  the  fat-cells.  326 
of  the  bile.  233—237,  240,  242 
of  the  urine,  453—459 


Pigments  of  the  skin,  524 — 527 

of  the  lobster,  382,  525 
of  the  liver,  208 
of  the  muscles,  337,  338 
of  lower  animals,  525,  526 
,  medicinal  pigments  in  tbe  urin^ 
483,  496 
Pigmentary  alcobolia,  240 
Pig's  milk,  397 
Pike,  flesh  of,  356 

,  stomach  of,  262 
Pilocarpin,  action  on  the  secretion  of  in- 
testinal juice,  280 
,  action    on    the    elimination   uf 

CO,  in  the  stomach.  271 
,  action     on     the    secretion    ol 

Bweat,  528 
,  action     on     the     secretion    of 

saliva,  256 
,  action   on    the   elimination  of 
uric  acid,  428 
Piperazin  solvent  for  uric  acid,  432 
Piperidin,  432 
PiqQre,  221 

Ptria's  tyrosin  test,  65 
PlacenU,  363 

Plants,  chemical  processes  in  the  same,  1,  2 
Plasma.    See  Blood-plasma. 
Plasmoscfaisis,  162 
Plastin,  106,  113 
Plattner's  crystallized  bile,  226 
Plethora  polycythtemia,  176 
Pleural  fluid,  189.  191 
Plums,  action  on   the  elimination  of  hip- 

puric  acid,  441 
Poikilocytosis,  177 
Poisonous  proteids.  48 
Polarization  test,  499 
Polvcythwmia,  176,  181 
Polyperythrin,  526 
Polysaccharides,  87—92 
Polyuria,  475 
Poiis  varolii,  363 
Pork-fat,  absorption  of,  313 
Potassium  combinations,  division  of,  in  the 

form-elements  and  fluids,  121 
Potassium  combinations,  elimination  of.  in 

fevers,  470 
Potassium  combinations,  elimination  of,  in 

starvation,  471 
Potassium    combinations,    elimination    by 

the  saliva,  256 
Potassium  combinations  in  the  urine.  479 
Potassium    chlorate,   poisoning    with,    144, 

184 
Potassium  phosphate  in  yolk  of  eggs,  376 
in  muscles,  345 
in   cells,    121 
Potassium  sulphocyanide  in  the  urine,  461 
in     saliva,     251. 
252 
Potatoes,  consumation  of,  in  the  intestine, 
310 
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Potential  energy  ot  various  foods,  654 — 556 

Preglobulin,  101,  112,  163 

Preputial  Becretion,  526 

Primary  albumosea,  37 

Prisoners,  food-ration  for,  589 

Propepbin,  269 

Propetones,  33 

Propylamin,  solvent  for  uric  acid,  432 

Propyl   benzol,  479 

Propylen  glycol,  relation  to  formation  of 

glycogen,  214 
Prostatic  calculi,  372 

secretion,  370,  371 
Prostetic  group,  60 
Protagon,  105,  358,  360 
Protalbumose,  36 
Protomin,  15,  24,  59 
Proteid,  separation  from  fluids,  29 

,  approximate     estimation     in     the 

urine,  488 
,  circulating     and     tissue     proteid, 

668 
,  action  on   the  formation   of  gly- 
cogen, 215,  216 
,  active,  4 

,  living  and  dead,  4 
,  detection  of,  25—28 
,  detection  of,  in  urine,  483 — 490 
,  quantitative  estimation  of,  28 
,  quantitative     estimation     of,     in 

urine,  488,  490 
,  quantitative     estimation     of,     in 

milk,  393,  394 
,  absorption  of,  304—308 
,  passage   of,    into    the    urine,  343, 

461,  462.  483 
,  heat  of  combustion  of,  554,  655 
,  digestibility  in  gastric  juice,  264, 

265,  272—276 
,  digestibility    in    pancreatic   juice, 
288,  289 
Proteid  bodies   in  general,  16 — 44 

,  poisonous,   13,  14,  43 

,  summary    of    the    various, 

16,  29—44 
,  vegetable,  43 

.  See  also  the  various  proteid 
bodies  of  the  tissues  and 
fluids. 
Proteid  metabolism  in  work  and  rest,  360 — 
354,  580 
in  starvation,  657.  658 
in  various  ages,  580 
with     dtfTerent     foods, 

666—577 
after  feeding  with  thy- 
roid extracts,  202 
Proteid  putrefaction,  13,  20,  294—300,  441, 

443—450 
Protein  chromogen,  20,  289 
Protein  substances,  \6—T\.    See  also  indi- 
vidual protein  bodies. 
Proteoses,  36.    See  Albumosea. 


Prothrombin,  127,  103—165 

Protic  acid,  338 

Protocatecbuic  acid,  behavior  in  the  body, 

446 
Protoelastose,  54 
Protogelatose,  67 
Protogen,  33 
Protone,  60 
Protoplasm,   101 
Protoplasm    poisons  and   proteid  deatrue- 

tion,  411 
Pseudohsemoglobin,  138,  143 
Pseudolevulose,  76 
PseudomucJu,  47,  375 

in  ascitic  fluids,  193 
in  the  gall-bladder,  241 
Pscudonucleic  acid,  108 
Pseudonucleins,  30,  107 

from  casein,  265,  390,  398 
from  vitellin,  376 
,  consumation    and    absorp- 
tion, 299,  660 
Pseudotagatose,  76 
Pseudoxanthin,  341 
Psittacofulvin,  526 
PHylloflteryl   alcohol,  526 
Psyllosteryl  ether,  626 
Ptomaines,  13,  22 

in  the  urine,  463,  512 
Ptyalin,  252 

,  behavior  with  hydrochloric  add^ 

254 
,  action  on  starch,  263 — ^267 
Pulmotartaric  acid,  546 
Purin,  114 

Purin  bases,  110—114 
Purin  nucleus,  114,  IIS 
Purple,  525 
Purple  cruorin,  143 
Pus,  196—198 
,  blue,  198 
in  urine,  493,  494 
cells.  197 
serum,  196 
Putrescin,  13,  69 

in  intestine,  612 
in  the  urine,  463,  512 
Pyin,  192,  196,  198 
Pyinic  acid,  198 
I^Ioric  gland.  257—289 
Pyloric  secretion,  269 
Pyoeyanin,  198 

in  sweat,  529 
Pyogenin,  197,  301 
Pyosin,  197.  301 
Pyoxanthose,  198 

Pyridin,  behavior  in  the  body,  483 
a-Pyridin-carbonic  acid,  481 
rr-Pyridinuric  acid,  481 
Pyrocatechin,  446 

,  occurrence  in  urine,  446 
t  occurrence      in      suprarenaL 
capsule,  204 
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Pyrocatechin,  occurrence  in  transudationi, 

100,  195 
Pyrocatechin-Bulphuric  acid,  443 — M6 
Pyromudc  acid,  481 
Pyrotnucin-omithuric  acid,  481 
Pflycbical  period  of  Bceretion,  259 
Putrefactive  processes,  5,  13,  20 

in    intestines,  W4—300,  441, 
443-^52 


-t^adriurates,  432,  514 
^ercit«,  78 

,  relation    to    glycogen    formation, 
214 
<)uercittn,  78 
<juiQic  acid,  behavior  in  the  animal  body, 

441 
Quinin,  passage  of,  into  urine,  483 
,  passage  of,  into  sweat,  529 
,  action    of,    on    the   elimination    of 

uric  acid,  428 
,  action  on  the  spleen,  200 
<}uotient,  respiratory,  330,  352,  652,  582 

Racemic  acid,  behavior  in  the  animal  body, 

476 
Rachitis,  bones  in,  324.  325 
Radishes,  behavior  with  saliva,  255 
KafTinose,  87 

Jleducing  substances,  formation  of,  in  pu- 
trefaction and  fer- 
mentation, 5,  296 
,  occurrence       of,       in 

blood,  5,  133 
,  occurrence       of,       in 
the   intestine,  29C, 
454 
,  occurrence       of,       in 

urine,  450 
,  occurrence       of,       in 
tranttudutjons,   IDO, 
194 
Reduction   processes.    1,   2.   5,   7,   234,   296, 

330,  441,  454.  477 
Reichert-Meis-sl's  equivalent,   97 
Reindeer,  milk  of,  396 
Rennin,  2(in,  267,  389,  390 

,  detection    of,    in   gastric   contents, 

276 
,  detection  of,  in  the  pancreas,  290 
,  passage  of,  into  urine,  462 
Rennin  cells.  257 
Rennin  glands,  257 
Rennin  zymogen,  257,  207 
Resucetophenon,  4S2 
Reserve  cellulose,  91 
Reflin  acids,  transition  into  the  urine,  483, 

485 
-Respiration,  external.  530,  536 — 542 
,  internal,  530,  543 
of  the  hen's  egg,  383 
of  plants,  2 


Respiration.    See  also  Exchange  of  G.*  un- 
der various  conditions. 

Respiratory  quotient,  330,  352.  552,  582 

Rest,    meUbolism    during,    347,    348—352, 
582 

Reticulin,  16,  57,  316 

Retina,  364 

Reversion,  85 

Reynolds'  acetone  reaction,  908 

Rhamnose,  71,  77 

,  relation     to     glyct^en     fbnu- 
tion,  78,  214 

Rheometer,  640 

Rhodizonie  acid,  341 

Rhodophan,  366 

Rhodopsin,  365 

Rhubarb,  action  on  the  urine,  483,  490 

Rib-cartilage,  320 

Ribose,  78 

Rice,  relation  to  exerementa,  307 

Rigor  mortis  of  the  muscles,  346,  347 

Roberts'     method     of     estimating     sugar, 
604 

Rodents,  bile-acids  of,  231,  240 

Rods  of  the  retina,  pigments  of,  365 

Rosenbach's  bile-pigment  test,  394 
urine  test,  511 

Rovida's  hyaline  substance,  101,  137,  15^ 
197 

Rubner's  sugar  test,  82,  499 

Rye  bread  in  the  intestine,  307,  310 

Saccharic  aeid,  72.  400 

,  relation  to  glycogen  forma- 
tion, 214 
Saccharin,  relation  to  glycogen  formation, 

214 
Saccharogen  in  the  mammary  gland,  404 
Saccharose.     See  Cane  Sugar, 
Salicylic  acid,  action  on   |>ep9in  digestion, 
265 
,  action  on  metabolism,  577 
,  action  on  trypsin  digestion, 

289 
,  behavior     in      the     animal 
body,  480 
Salicyl  aldehyde,  oxidation  of.  6 
Sal  icyl-sul  phonic  acid   as   proteid   reagent, 

26 
Saliva,  249—257 

,  secretion  of,  250,  257 
,  mixed.  252 

,  physiological  importance.  256 
,  behavior  in  the  stomach,  257 
,  various  kinds  of.  250.  251,  252 
,  action  of.  253,  254.  255 
,  composition  of,  255 
Salivary   calculi,  257 
Salivary  diastase.     See  Ptyalin. 
Salivary  glands.  249 
Salkowski's  cholesterin  reaction,  247 
Salkowski-Ludwig's  method  of  estimating 
uric  acid,  434 
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Salmin,  5»,  60,  372 
Salmon,  flesh  of,  338 

,  sperma  of,  69,  372 
Salmonucleic  acid,  108 
Saltpetre,  action  on  metabolism,  577 
Salts.    See  the  various  salts. 
Sal^plaBma,  124 
Salts  of  vegetable  acids,  behavior  in  the 

organism,  408 
Samaodarin,  527 

Santonin,  action  on  the  urine,  483,  4S6 
Saponification  equivalent,  97 
Saponification  of  neutral  fats,  93,  97,  286, 

292,  310,  311—314 
Sarcoiactic  acid.     See  Paralactic  acid. 
Sarcolemma,  332 
Sarcomelanin,  624 
Sercomellanic  acid,  624 
Sarcosin,  339 

,  behavior  in  the  animal  body,  476 
Sarkin.    See  Hypoxanthin. 
Schcrer's  inosit  test,  342 

reaction  for  leucin,  64 
reaction  for  tyrosin,  85 
Schiff's  reaction  for  cholesterin,  247 
reaction  for  uric  acid,  433 
reaction  for  urea,  416 
Schreiner's  base,  371 
Schweitzer's  reagent,  90 
Sclerotica,  368 
Seombrin,  60 
Scyllit,  199 
Scymnol,  226 

Scymnol-sulphuric  acid,  226 
Sebacic  acid,  95 
Sebum,  526 

Secondary  albumoses,  37 
SedimenUtion  of  the  blood  corpuscles,  136 
Sediments.     See  Urinary  sediments. 
Sedimentum  lateritium,  407,  432,  613 
SetivanofT'a  reaction  for  levulose,  83,  505 
Semen,  370 
Semiglutin,  66 
Seminoae.    See  Mannose, 
Senna,  action  on  the  urine,  483 
Seralbumin,  16,  130 

,  detection    of,    ia    the    urine, 

484-^6 
,  quantitative     estimation     of, 

132,  488 
,  absorption  of,  304 
,  behavior  in  the  animal  body, 
131,  380 
Serglobulin,  16.  129 

,  relation  to  the  coagulation  of 

the  blood,  163 
,  detection  of,  in  the  urine,  484 
,  quantitative     estimation     of, 
130,  488 
Seridii,  16,  68 
Sericoin,  69 
Serin,  69,  130 
Serolin,  131 


Serous  fluids,  185—196 
Serum.    See  Blood-serum. 
Serum  casein.    See  Serglobulin. 
Sex,  influence  on  meta&ilism,  680 
Sharks,  bile  of,  226 

,  urea  in  bile  of,  238 
Sheep's  milk,  397 

Shell-membrane  of  the  hen's  egg,  61,  381 
Silicic  acid  in  feathers,  521 
in  urine,  472 
in  hen's  egg,  378,  381,  382 
Silicic  acid  ester  in  feathers,  521 
Silk  gelatin,  58 
Sinistrin,  animal,  103 
Sincalin,  103 
Skatol,  22.  294,  295 

,  formation  in  putrefaction,  294,443, 

449,  450 
,  behavior  in  the  animal  body,  394, 
444,  449,  479,  482 
Skatol-acetic  acid,  22 
Skatol -amido-acetic  acid,  22 
Skatol-carbonic  acid,  450 
Skatol-pigment,  450 
Skatoxyl,  296,  449,  450 
Skatoxyl-glycuronic  acid,  450 
Skatoxyl-aulphuric  acid.  443,  449,  450 
in  sweat,  665 
Skeletins,  58 

Skeleton  at  various  ages,  323 
Skin,  521—530 

,  excretion  through,  525 — 529 
Sleep,  metabolism,  680 
Smegma  prsputii,  526 
Smith's  reaction  for  bile-pigments,  495 
Snail  mucin.  45 
Snake  poison,  14 
Soaps  in  blood-serum,  132 
in  chyle,  183,  310 
in  pus,  197 
in  excrements,  301 
in  bile,  225,  237 
,  importance  of,  in  the  emulsification 
of  fatA,  286,  292.  311,  313 
Sodium     alcoholate     as    a     saponification 

agent,  93,  97 
Sodium  butyrate  in  acetonuria,  507 
Sodium  chloride,  elimination  by  the  urine, 
136,  463,  464 
,  elimination  by  the  sweat, 

528 
,  phvaiological  importancet 

564 
,  quantitative     estimation, 

464,  465 
,  influence  on  the  quantity 

of  urine,  677 
,  influence  on  the  elimina- 
tion of  urea^  677 
,  influence  on  the  secretion 

of  gastric  juice,  268 
,  behavior  with  food  rich 
in  potassium,  564 
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Sodium    chloride,    insufficient    supply    of, 
136,  268,  564 
,  action    on    pepsin    diges- 
tion, 265 
,  action  on  trypsin  diges- 
tion, 288 
Sodiom    compounds,    elimination    by    the 
urine,  470 
,  division    among    the 
form-elements  and 
fluids,  121 
.  See  also  the  various 
tissues  and  fiuids. 
Sodium  phosphate  in  the  urine,  407,  466, 

467,  513 
Sodium  salicylate,  action  on  the  secretion 

of  bile,  226 
Sodium  sulphate,  i.ction  on  proteid  meta- 
bolism, 577 
Sodium     tartrate,    relation     to    glycogen 

formation,  214 
Soldiers,  diet  of,  589 
Sorbinose,  83 
Sorbite,  73 

Source  of  muscular  energy,  352,  353 
Sparing  theory,  216 
SpeciSc  rotation,  76 
Spectrophotometry,  163,  154 
Sperma,  59,  370—372 
Spermaceti,  98 
Spermaceti  oil,  98 
Spermatin,  372 
Spermatocele  fluids,  193 
Spermatozoa,  371,  372 
Spermin,   371 
Spermin  crystals.  370 
SpheriileH,  24,  37G,  382 
Sphygmo^enin,  205 

Spider  excrement,  guanin  therein,  117 
Spider  poison,   14 
Spiegler's  reagent,  486 
Bpirographin,  48 
SpirogjTa,  121 
Spleen,  190,  200 

,  relation    to    formation    of    blood, 

200 
,  relation  to  formation  of  uric  acid, 

200,  429,  430 
,  relation  to  digestion,  200 
,  blood  of  the,  173 
Spleen  pulp,  199 
Splitting  proceHwa,  1,  2,  9 
Fpongin,   16,  58 
Sputum,  544,  545 
Starch,  87 

,  hydrolytic  cleavage  by  intestinal 

juice,  281 
,  hydrolytic  cleavage   by  pancreatic 

juice,  285 
,  hydrolytic  cleavage  by  saliva,  253, 

254 
t  calorific  value  of,  654 


Starch,  absorption  of.  308,  309 

,  behavior  in  the  stomach,  271 
Starch  cellulose,  87 
Starch  granulose,  87 
Starvation,  action  on  the  blood,  175,  180 
,  action  on  the  secretion  of  bile. 

224 
,  action  on  the  urine,  297,  410^ 

427,  441,  447. 
,  action   on  the   elimination  of 

indican,  297,  447 
,  action  on   the   elimination  of 

oxalic  acid,  438 
,  action    on     the    secretion    of 

pancreatic  juice,  283 
,  action   on   the   elimination  of 

phenol,  207 
,  action     on     metabolism,    563, 

556—562 
,  quantity  of  nitrogen  in  excre- 
ments in,  540 
,  death  from,  556 
Starvation  cures,  590,  591 
Steapsin,  285 
Stearic  acid,  94 
Stearin,  94 

,  absorption  of,  312 
Stercobilin,  234,  302,  455 
Stercorin,  247,  302 
Stethal,  98 

Stokes's  reduction  fluid,  143 
Stokois's  reaction  for  bile-pigments,  495 
Stomach,  importance  in  digestion.  273.  274 
,  relation    to    intestinal    putrefao 

tion,  275 
,  auto-digestion  of,  274 
,  digestion  in  the,  270 — 275 
Stomachic  glands,  257,  269.  270 
Streptococcus,  behavior  with  gastric  juice, 

274 
Stroma  fibrin,  138 
Stroma  of  the  blood -corpuscles,  137 

of  the  muscles,  336 
Strontium  salts  and  blood  coagulation,  124 
Struma  cystica,  204 

Strychnin,  passage  of,  into  the  urine,  483 
Sturgeon,  sperma  of,  59,  372 
Sturin.  59 

Sublingual  glands,  249 
Sublingual  saliva,  251 
Submaxillary  glands,  249 
Submaxillary-  mucin,  44,  45 
Submaxillary  saliva,  250 
Succinic  acid  in  putrefaction,  20 

in  the  fermentation  of  milk, 

386 
in  the  intestine.  293 
in  the  spleen,  199 
in  transudations,  190,  194 
in  the  thyroid  glands,  201 
,  passage    of,    into    the   urin*, 
459 
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Succinic  acid,  passage  of,  into  the  sweat, 

628 
Sugar,    relation    to    work,    348,   349,    352, 
353 
,  formation  from  fats,  218,  353 
,  formation  from  peptones,  218 
Sugar  formation  in  the  liver,  217—219,  222, 
223 
after     pancreas     extirpa- 
tion, 222,  223 
Sugar,  behavior  on  subcutaneous  injection, 
216 
,  behavior  to  blood-corpuscles,  160 
.  See  also  various  kinds  of  sugar. 
Sugar  tests  in  the  urine,  496 — 504 
Sulphoeyanides  in  the  urine,  461 

in  the  saliva,  251,  252 
Sulphonal  intoxication,  urine  in,  492 
Sulphone,   behavior   in   the   animal   body, 

477 
Sulphonic   acids,   behavior  in   the  animal 

body,  477 
Sulphur  of  proteids,  18 

in  the  urine,  461,  402 
,  elimination    of,    In    activity,    351, 

401,  402 
,  elimination  of,  with  lack  of  oxy- 
gen, 461,  462 
,  neutral     and     acid     sulphur     in 

urine,  461 
,  behavior  in  the  organism,  461,462 
Sulphur  methsemoglobin,  146 
Sulphuretted  hydrogen   in  putrefaction   in 

the  intestine,  294,  296 
Sulphuretted  hydrogen  in  the  urine,  462 
Sulphuric  acid,  ethereal,  and  sulphate  in  the 
urine.  469 
,  elimination  of,  in  activity, 

351 
,  elimination     of,     by      the 

urine,  469 
,  elimination      of,      by      the 

sweat,  628,  629 
,  estimation  of,  469 
,  relation    to   elimination   of 

nitrogen,  351,  469,  549 
,  action  on  pepsin  digestion, 
264 
Suprarenal  capsule,  204 
Sweat,  527—529 

,  secretion  of,  627 
,  action  of,  on  the  urine,  407,  408 
Swimming-bladders  of  flshea,  gases  of,  643 
,  guauinin,  117 
Sympathetic  saliva,  250 
Synovial   fluid,   196 
Synovin,  196 
Synthesis,  1,  2,  6 

of  ethereal  sulphuric  acids,  294, 

443,  447,  449,  482 
of  proteid,  24 

of  conjugated  glycuronic  acids, 
446,  440,  460,  477,  482 


Syntheais  of  uric  acid,  420,  429 
of  urea,  410,  413,  414 
of  hippuric  acid,  2,  440 
of   varieties  of  sugars,  73,   74, 
79 
Syntonin,  32,  336 

,  calorific  value  of,  665 

Tagatose,  75 

Talonic  acid,  84 

Talose,  75.  84 

Tapeworm  cyst,   196 

Tannic  acid,  behavior  in  the  animal  body, 

482 
Tartar,  257 

Tartaric  acid,  relation  to  glycogen  forma- 
tion, 214 
,  passage  of,  into  sweat,  528 
,  behavior  in  the  animal  body> 
476 
Tatalbumin,  379 
Taurin,  232 

,  behavior  in  the  animal  body,  476 
Tauro-carbamic  acid,  470 
Taurocholic  acid,  228 

,  quantity  in  various  biles, 

239,  240 
,  occurrence  in  meconium, 

302 
,  decomposition  in  the  in- 
testine.  297 
,  proteid   precipitating  ac- 
tion, 26 
Tea,  action  on  metabolism,  678 
Tears,  368 
Teeth,  325 

Teichmann's  crystals,  149,  150,  491 
Tendon  mucin,  46,  316 
Tendon  synovia,  196 
Tension  of  the  CO,  in  the  blood,  639—543 
in  the  tissues,  543 
in  the  lymph,  184 
O  in  the  blood,  636—641 
Terpen'glycuronic  acid,  482 
Terpentine,  action  of,  on  the  secretion  of 
bile.  225 
,  action  of,  on  the  urine,  482, 

483 
,  behavior  in  the  animal  body, 
482 
Tetanin,  13 

Tetronerythrin,  164,  626 
Testis,  370 
Tewflkose,  392 

Thallin,  action  on  the  urine,  483 
Theobromin,  116 

,  behavior  in  the  animal  body. 
436 
Theophyllin,  115 

,  behavior  in  the  animal  body» 
436 
Thioalcohols,  behavior  in  the  animal  Ixxly,. 
477 
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Tfaioglvcoiic  acid,  beliavior  in  the  ■niiDAl 
body,  477 

Thiolactic  acid,  52 

Thiophen,  481 

Thiophenic  acid.  481 

Tbiophenuric  acid,  481 

Thrombin,  127,  128,  162—165 

Tbrombosin,  165 

Thymin,  lit) 

Thymic  acid,  110 

Thymus,  200 

,  relation    to    the    elimination    of 
allantoiD,  440 

Thymus-nucleic  acid,  109 

Thyreoantitoxin,  202 

Thyreoglobulin,  203 

Thyreoproteid,  202 

Thyreoproteine,  201 

Thyroid  gland,  201,  202 

,  relation    to    proteid    cata- 
bolism,  202 

Thyroiodin.    See  lodotbyrin. 

Tiasue-fibrinogen,  101,  112,  166 

Tollen's  reaction  for  pentoses,  &06 

Toluhydrochinon,  451 

Toluol,  behavior  in  the  animal  body,  441, 
479 

Toluric  acid,  480 

Toluylendiamin,  poisoning  with,  244 

Toluylic  acid,  480 

Tonus,  chemical,  of  tbe  muscle,  347 

Tooth  tissue,  325 

Tortoise,  bones  of.  322 

Tortoise-shell,  51,  52G 

Toxalbumins,  14 

,  relation   to   the   coagulation 
of  tlie  blood,  161 

Toxins,  13,  200 

Transudations,  188—198,  536 

Trehalose,  87 

Tribromacetic  acid,  22 

Tribromamido-benzoic  acid,  22 

Tricalcium  casein,  389 

Trichloracetic  acid  as  reagent,  26 

Trichlorbutyl  alcohol,  behavior  in  the  ani- 
mal body,  477 

Trchlorbutyl-glycuronic  acid,  477 

Trichlorethyl-glycuronic  acid.     See  Uroch- 
loralic  acid. 

Trichlorpurin,  114 

Trinitro  albumin,  22 

Triolein,  95 

Tripalmitin,  94 

Triple  phosphate  in  urinary  sediments,  614, 
516 
in    urinary    calculi,    516, 
518 

Tristearin,  94 

Trommer's  test  for  sugar,  81,  497 

Trommer'a  test  for  sugar,  behavior  with 
glycuronic  acid,  461 

Trommer's  test  for  sugar,  behavior  with 
uric  acid,  433 


Trommer's  test  for  sugar,  bebarior  with 

ceratiain,  423 
Tropics,  metabolism  in  inhabitants  of,  5M 
Trypsin,  282,  287 

,  action  on  proteids,  288 
,  action  on  other  substances,  290 
Trypsin  digestion,  288 

,  action  of  various  condi- 
tions upon.  288,  289 
,  products  of,  289 
Trypsin  zymogen,  287,  290 
Tryptophan,  20,  289 
Tuberculinic  acid,  59 
Tuberculosamin,  59 
Tubo-ovarial  cysts,  375 
Tunicin,  521,  522 
Turacin,  525 
Turacoverdin,  525 
Typhotoxin,  13 
Tyrosin,  64 

,  in  urine,  511 

,  in  sediments,  611,  516 

,  detection  of,  (>5,  611 

,  origin  of,  19,  20,  64,  294 

,  behavior     in     putrefaction,     294, 

441,  443 
,  behavior  in  the  animal  body,  478, 
479 
Tyrosin-aulphuric  acid,  65 

UlTelmann's  reaction  for  lactic  acid,  277 
Ultzmann's  test  for  bile-pigmenU,  495 
L'nemia,  bile  in,  240 

,  gastric  contents  in,  276 
,  Hwpat  in,  528 
Uramido  acids,  476 
Uramido- benzoic  acid,  480 
Urates,  432 

in  sediments,  406,  514,  515 
Urea,  410 

,  elimination  in  starvation,  410.  558 
,  elimination  in  children.  411,  580 
,  elimination  in  disease,  411,  415,  471 
,  elimination  after  various  foods,  410, 

560,  567.  508,  670—570.  577 
,  progress  of  elimination  after  meals, 

570 
,  properties  and  reactions.  415 — 117 
,  formation  and  origin,  412 — 115,  470, 

471 
,  quantitative  estimation,  417 — J22 
,  splitting  by  ferments,   10,  416,  514 
,  synthesis,  410,  412-^15 
,  occurrence   in    the  blood,    134,   172, 

179,  414,  415 
,  occurrence  in  tbe  bile.  238.  410 
,  occurrence   in    the  vitreous   humor, 

366 
,  occurrence  in  the  liver,  410,  431 
,  occurrence  in  the  muscles,  338 
Urea  nitrate,  416 
Urea  oxalate,  416 
Ureida,  18,  426,  430 
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Ureometer,  Eabach's,  422 

Urethan.     See  Carbamic  acid  etbyl-ester, 

422 
Uric  acid,  426 

,  elimination  in  disease,  427,  428 
,  elimination   after   feeding    witli 

nuclein,  429 
,  relation  to  urea,  426,  431 
,  properties   and   reactions,  431 — ■ 

433 
1  formation  in  the  animal  body, 

42*— 431 
,  formation  from  ammonia,  428 
,  relation  to  leucocytosis,  430 
,  relation  to  the  spleen,  200,  429, 

430 
,  quantitative    estimation,    433 — 

435 
,  syntheses  of,  426 
,  behavior    in    the   animal    body, 

431 
,  occurrence  of,   420 
,  occurrence  of,  in  the  blood  in 

pneumonia,  170 
,  occurrence  of,  in  butterflies,  427, 

525 
,  occurrence  of,  in  sweat,  629 
,  occurrence  of,  in  sediments,  406, 
432,  613,  S14 
Uric-acid  calculi,  517 
Uricacidtemia,  179 
Urinary  calculi,  516—520 
Urinary  pigments,  453 — 459,  493 
,  medicinal,  496 
Urinary  aand,  516 
Urinary  sediments,  406,  514 — 516 
Urine,  405—521 

,  excretion  of,  473 

,  inorganic  constituents  of,  463 — 173 

,  poisonous  constituents  of,  463 

,  organic  pathological  constituents  of, 

483—613 
,  physiological  constituents  of,  410 — 
473 
.    ,  casual  constitupnts  of,  476 — 483 
,  color  of,  407,  453,  475,  483,  400,  492, 

494,  496 
,  solids,  calculation  of,  474 
,  quantity  of  solids,  475 
,  alkaline   fermentation  of,  416,  469, 

514 
,  acid  fermentation  of,  513 
,  gases  of,  473 
,  quantity  of,  473 — 475 
,  physical  properties  of,  406 — 410 
,  reaction  of,  407,  408,  613 
,  acidity  of,  407,  408 
,  estimation  of  acidity,  408,  468 
,  Bpeciflc  gravity  of,  408,  409 
,  determination    of    specific    gravity, 

409,  474,  476 
,  passage  of  foreign  bodies  into,  476 — 
483 


Urine,  reducing  power  of,  469 
,  composition  of,  476 

Urine  indican,  447 

Urine  indigo,  447,  440,  453,  611,  516 

Urine  poison,  463 

Urine  sugar.    See  Dextrose. 

Urinometer,  409 

Urobilin,  453,  454—458 

,  relation    to   bilinihin,   234,   243, 

454,  455 
,  relation  to  choletelin,  463 
,  relation  to  hsematin,  243,  456 
,  relation      to     hsematoporphyrin, 

151,  456 
,  relation  to  hydrobilirubin,  234, 461 

Urobilin  icterus,  456 

Urobilinogen,  453,  457 

Urobilinoid  bodies,  454 

Urobilinoidin,  464 

Urocarnic  acid,  463 

Urochloralic  acid,  460,  477 

Urochrorae,  453,  454 

Urocyanin,  463 

Uroerythrin,  453,  468 

UrofuscohEcmatin,  493 

Uroglaucin,  453 

UrohEcmatin,  453 

Urohodin,  453 

Uroleucic  acid,  446,  460,  462 

Uromelanins,  453 

Uronitro-toluolic  acid,  482 

Urophffiin,  463 

Urorubin,  453 

Urorubrohfiematin,   493  * 

Urorosein,  453,  403 

Urospectrin,  492 

Urostealith,  518 

Urotoxic  coeflficient,  463 

Uroxanthin,  44/ 

Uroxonic  acid,  426 

Uterine  milk,  383 

Valerianic  acid,  18,  23 

Vegetable    acids,    behavior    of   the    alkali 

salts  of.  in  bodv.  408,  476 
VegeUble  gums,  88,  00 
Vegetable  mucilages,  88,  90 
Vegetable  myosin,  43 
Vegetable  proteid,  43 
Vegetarians,  food  of,  573,  686 

,  excrement  from,  300 
Vemix  caseoSa,  526 
Vesicatory   blisters,   196 
Visual  purple,  366 
Visual   red.  365 
Vitalt'B  pu8-blood  test,  491 
Vitellin,  10 

in  yolk  of  egg,  376 

in  protoplasm,  101 
Vitellolutein,  378 
Vitellorubin,  378 
Vitel  loses,  36 
Vitreous  humor,  366 
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Water,  drmkiii^  of,  action  in  the  elimina- 
tion    of     chlorides, 
464 
,  action  on  the  elimina- 
tion   of    uric   ac' ', 
428 
,  action  on  the  elimina- 
tion of  urea,  570 
,  action  on  the  deposi- 
tion of  fat,  576 
,  action    on    the   excre- 
tion of  urine,  473, 
474 
Water,  elimination  of,  by  the  urine,  473 — 
475,  548 
,  elimination  of,  by  the  skin,  527, 

548 
,  elimination  of,  in  starvation,  660 
,  elimination  of,  importance  for  the 

animal  body,  562 
,  elimination  of,  quantity  of,  in  the 

various  organs,  562 
,  elimination,   lack  of,   in   the  food, 
562 
Wax  in  plants,  98,  526 
Weidel'a  xanthin  reaction,  117 
Weyl's  reaction  for  creatinin,  424 
Wheat  bread,  absorptioo  of,  307 
Whey,  387 
Whey  proteid,  390 
White  of  egg,  378 

,  calorific  value  of,  654 
Witch's  milk,  401 
Woman's  milk.     See  Human  milk. 
Wool-fat,  248,  527 

Work,  action  on  the  elimination  of  chlorine, 
464 
,  action  on  the  elimination  of  phos- 
phoric acid,  467 


Work,  action  on   the  elimination  of  sul- 
phur, 351,  461 
,  action   on    the  necessity  for  food, 

588—500 
,  action    on    metabolism,    548 — 652, 
679—583 
Worm-Mtl  tier's  sugar  test,  497 
Xanthin,  US,  116 

in  the  urine,  435 
in  urinary  calculi,  518 
,  in  urinary  sedimeats,  516 
,  detection   and   quantitative   esti- 
mation, 120,  121,  437 
Xanthin  bodies.     See  Nuclein  bases. 
Xanthin  calculi,  618 
XanthO'Creatinin,  341,  350,  425 
Xanthophan,  366 
Xanthoproteic  acid,  22 
Xanthoproteic  reaction,  27 
Xanthorhamnin,  78 

Xylol,  behavior  in  the  animal  body,  479 
Xyloses,  78,  91 

,  relation     to     the     formatioa    of 
glycogen,  77,  214 

Yeast-cells,  relation  to  fermentation,  0,  10 
Yeast  nucleic  acid,  109 
Yolk  of  the  hen's  egg,  376 
Yolk-spberules,  376,  382 

Zinc  in  the  bile,  238 
in  the  liver,  211 
,  passage  of,  into  milk,  404 
Zooerythrin,  525 
Zoofulvin,  526 
Zoorubin,  525 
Zymase  from  beer-yeast,  10 
Zymogens.     See  various  enzymes. 
Zymoplastic  substances,  163,  165,  166 
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Orechaal'i  Chemical  Reactions,     r  Merrill  1  iimo,  t    15 

Outiem'a  Tliermodyna-ttice  and  Chemlatry.     tBiuiau.)     H^vrilth)  ■ 

Uaaler'a  Mudein  UikIi  Eiploaivaa. tvo.  4  00 

s 


EBroai's  EatTtan  and  Ihtir  AppUc^donA.     (PtescotL) Svci, 

Brdmuui'i  Inltoductlva  toCbcmlMl  Prspontloitt-    (OunUp.) i*mo, 

yiHchet'i  Practical  loitnictloin  in  QwintiUlive  AsMTlnc  wrtib  the  Blovptpr. 

lamo.  (Dorocco, 

Powtcr*t  Semce  Torhs  Aoaljrwt , , tamo. 

PrcteniiiB'i  Manual  of  Oualitatlv*  Cbcmka]  Aoalvtis.     fVcIli.) 8td. 

Manual  or  Qiullutivr  Chemical  Analyais.     Pan  L    DeKriptiTa.    (Welb.) 

•ra. 

System   of   laitntction    Ib    Quantilathr*   Chamkal   Aoalrsitt.      'Cofcn.} 
J  Tola.    (SWtiir.) 

Fuertea'a  Water  and  Public  Btalth      ....    iimo, 

PufiDan'a  Manual  of  Pracllcal  A*Mri»S '  .  .  - ■  .8vo, 

Gill's Gaa  and  Fuel  AoalytU  tor  Enjtineen    .  iicno, 

Orotenfelt'tPrincipltiot  HoiJaru  Dairj PraclJcc.     (WalLJ , .  ..lamo. 

Bammanun'*  Test-book  ot  Pbyslotoiical  ChamiiUr.     (MaildaL) I«0( 

HaJm'i  Piiaciplat of  Hathcmatical CtiaaiiMrT.    (Moigub). ......  7. .. . nmo. 

Biiida*s  looiganic  Cbemisur «»o. 

*  LaboraloiT  Manual  (or  Stud«nU ((..•.■••■jiiMi 

Hflllamaii't  Tut 'book  of  Inorxanic  CbemUtrr.     CCoofwr.), ..... 8ro> 

Texl-bfiolt  of  Organic  Ch«ciii*lrr.     (Walkft  and  Hott.) S«», 

Hopkbia'i  Oil-ehamlsia'  Haatlbook, Svo, 

Kmp^  Cart  Iron 8»o, 

Lcdd't  Manual  ul  Ouaniitaiiva  Chemical  AaalysU  1  tnui. 

L«H4>uei**  Sptclruin  Analytli.    I.Tiivl*-,>  .    B">. 

Lataar-Cotin's  Practical  Drioary  Arulyiii.     <Lor«nr.>  tamo. 

Laach'c  Tbe  bwpection  and  Analraia  of  Food  with  S)M«ial  Rafneac*  to  Stat* 

Control     (In  prppamtion.') 
LKb'B  ElKtrolyik  and  Electroarotbeti*  ol  Orxanic  Compoanda.  (Loraax.1 1  amo. 
Haadal'a  Handbook  loT  Bto^baiakal  LaboratoTT  ..      t>BM, 

Uaaoti'i  Watcr.«upplr.     (Concideied  Priocipallr  from  ■  Sanltarr  Slandpolnl.^ 

jd  Edition,  Rewritten gva. 

Biaml nation  of  Water.    (Cbemkalaiul  BactM (oloKicaL ) .lano, 

Hafar'*  DctBrminatloo  of  Radic(««  in  Carbon  Compouodc.     fTliitlB,>    isbm, 

Miiltr'f  Manual  of  AMaylnK , , luaa, 

Klztcr'aElementaTjTait'bookof  ChemlsttT     .  ..  laiM, 

Morgao**  Outliae  of  Theory  o(  Solution  and  itt  Haaulta . ,    .    lanm. 

Elemeou  of  Pbytical  Cbemisay lano. 

niehola't  WaitT-*uppty.     (Considered  mainly  from  a  Cbanica)  and  Sanitary 

Standpoiiit.  1883.). , •■..'..,,  .Svo, 

O'Brine'i  Laboratory  Guide  in  Chemical  A wlyilv) , .Sro. 

O'DrLacttll'a  IVotcs  on  lti«  Iteatment  of  Gold  Drts Svo. 

0«l  and   KolbMJi'i  Tett-book  of  Chemical  Teehnoloty.    <Lore«a— Boxail.) 
<ln  pnmntlian.) 

*  Pf  oBeld'a  Rolea  on  Dntermtnative  Mineralocy  and  Secord  of  Mineral  Teeti 

8ro,  paper, 
Pictet'a  The  Alkaloids  and  Ibalr  ClwBleal  Cnnnltution.      cBiddte.]      tr« 

prtpjralion. ) 
Pinner'a  Iniroduclion  lo  Ortanle  Cbemittry.    <Au*tan. )  ttmo, 

Poole's  Cakiriflc  Power  of  Fu*la .    .8to 

*  ReUic*!  Guide  to  Pleee-dyclBC     ....   8»ri. 

Richanlsand  Woodman's  Air  .Water,  and  Pood  Itoqi  a  Sanitary  Standpoint .  B*o. 
Richardt's  Coat  of  Llvlnc  a*  Hodirttd  by  Sanitary  $el«ne«   . .  i  jmo. 

Coat  of  Pood,  a  Study  la  Oielaric*. .  time. 

*  Rtclurds  and  Williami's  The  Dietary  Com^unir ttwo. 

RIcbetli  and  Rnuell'f  Skeleton  Hotes  upon  Inorcaak  Cbemittry.     (Part  L— 

non-metallic   Blementa.)   .  _  9vo.  morocco, 

Rlckein  and  UUler**  Holes  on  Aasaytn^ . .   8vo, 

Rideal'i  Sctraie  and  tlia  Bacterial  PuriScalioo  of  Stwafa 8vo, 
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RuMioua** iDcompAtlbilitiu  in  Pi«KripftfaMH' . ■ '^^^^7->i  •-  >  -Sto, 

5chlaipf'«  Test-book  of  Volumetric  Aruljtli iimo, 

SpincBr'*  HkadboolL  lui  Ch«mi«U  of  Bnl-«u«u  HonaM. idno.  raoiocco. 

Handbook  (or  Sufar  Hsnufaclorns  sod  theii  CbeiniiU. .  t6ma,  inorocca, 
Stockbrulse'*  Kocks  •nil  Soil* Sro. 

•  TiUnua'i  ElemenUrr  Lcwons  In  Hcit. .  8vo. 

•  Descriptive  General  CEicmutiT ■  S^o 

TreadweU'B  Quallutlire  AnAly»li.     (HalL) Bra, 

TuTDcauivsad  RuimU'i  Public  WatWMippUM.  ...> Bto. 

Van  Dcriiiier**  Physical  Cbcmliirj  for  B«ciiinen.     (BahwoMl,).    .    .      umo, 

•  W«lk*'iL«ctmM«aExploaiTe* Uto, 

Walls's  Lflboraio^ry  Gulda  in  Oualitalivs  Chamlcal  AnalytU.   .  8vo, 

Stiait  Coarie  In  iDorganic  Qoatitalira  Cbamical  Aoaljtia  f^t  EoKincerinc 

Studentt i»no, 

Whipple's  MicroacopTof  I>riDkiiix-wttcr< 8to, 

Wiactinuinti'i  Smu  Aoalyala SiaaU,Svo, 

WUmd'i  Cyanlda  PraeaMai. > iimA, 

Cbbrinallon  Prac«B.....^^.l.>>>».>.>.>:.'.ui'i....i  >. limo, 

WHlllnK'i  EleinanUTTCoUfM  la  looipuiloPlMnBauuluI  sad  Medical  Cbcot- 
liirr  -  ■ lamv. 


CIVa   ENGISEERIHG. 


BRIDGES  MID    ROOfS.       HYDRAUUCS.      MATERIALS   Of  EUGmEERinO. 
RAILWAY   ERGQIBBRinG. 

Baku'*  Encincera*  Sumyinc  tnatrameats I  imo,   3  00 

BUby't  Graphical  Computing  Tabl« .  Paper ,  t«|  X  i4i  Incbee.        35 

*•  Burr'*  Ancient  and  Modem  Eneinoarlnc  and  ifae  IstbmJan  CanaL     (Poitace, 

37  centi  aotditional.) .8to,  oat, 

Comttock'*  Field  AftroDomr  for  Enflaecn. Std. 

D*vu'i  ElevatlDnand  SladU  Tablet Bro, 

BlUotfiEriKtnecrmf  for  Land  Draiinace    ,..  tjma, 

Practical  Faim  Draina«« 1  Jtno, 

Fatwell'*  Sewenice.     iTiesicniriE  and  Malntananc*.) Sra, 

Fnitac'i  Aidiitoctural  Eiiciae«rio|.     ad  fi^Uaa.  RcwrilUa. Svo, 

Francb  ttai  Ivei'a  Stereolonijr .....^, 8rt>, 

Goodbua'a  HumtipallmpioTeiiHoti...... ,  .    .umo. 

Goodrich*!  EcoDomic  IMapouI  of  TomM*  Scfnaa Sra, 

Oon'aBlemtnlsotOaodasy  . , 8'o, 

Barford't  Tcit-boak  of  Gtodatic  Astninoaiy Svo, 

Howe'iRelainlnx  WaJJatof  Eartb.. t>mo, 

Johnioo't  Theory  and  Practice  ol  Survaytnc .Small  Svo, 

Sutio  by  Alicbraic  aad  Giaphic  HatbMU 9to, 

Clentftd'a  Sewace  Disposal tamo, 

Laplaca'i  Phi  tote  pbical  Eaaay  oo  ProbatUitiei.     (TruKotl  and  Emory.)  tamo, 

Hahan'a  TiearlM  an  CWII  En«UiM>tac.     (187 5-)     (Wood.) 8to 

•       Dc»crlptl*e  Ctonarry , Bvo, 

VerrlouD's  Elrownts  of  PrccUa  aurvcrloe  and  0«od«fy » .  ■  •    .  -  .     8to, 

ElemcotaorSanlUnrEnElneeTlnf Svo, 

HefrimaD  arJ  Broolo'*  Bandbook  for  Sufrayon ifiino,  ntortfcco. 

Hut»nl'a  Plane  Sur(eyl(i( . Svo. 

Qsdca'a  Salter  Daatcn ■ iimo, 

Palton'a TreatlM on  Civil Encineertaf ,,..    8ra,  half  leather, 

Reed'a  Tnposniptikal  Drawloi  aad  Sntchlne 4I0, 

Rldear<S*wate  and  the  Itaclf  rial  Puriflcailoa  of  Sewage  Rvn, 

Slaberl  and  Biggin'a  Modem  $(one-<gltIn2  and  UacMUT. .  ^*o> 

Sinllti'i  Manual  of  Topo^raithlcal  Drawinc.     (McHilkn.), .  dm. 
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tondvrfclitf't  Gfmphk  SuUca.  wlib  A|ipllca*lofis  to  Trui 

Arcbes.    (.ShnnJy.) 
*  Trmntwinc'K  Civil  Eai|ia««T*a  PocJCet-book 
V«ll*i  BnclriMfini  and  AretilMcluml  JtiHiprudeoM. 


Bmbob,  Mi 


■6rao,  raoroccc. 

Sro, 

SbMp, 
Law  of  OpFraiions  PrellminanMo  CoBStnictloa  In  Enffbucfinc and  Archi- 

iMturc ...  8»o. 

ShMp, 

Law  «r  Conttuct* iVB, 

W«rf*B*t  Slenoumy  -  Probltina  In  Slone-ctitlinf .  Bvo. 

W«1)t>'*  ProbUm*  in  Ihe  U<t  luid  Adjufoovat  of  Enclnvtiini  Iturraawnu. 

tftmo,  raof^cca, 
*  Whtfller'B  EI«B]«fiUry  Coufi*  of  Civil  EngiiittriDc.     .  Bvn. 

TiLum'ft  Topngraphic  Surve|inc  tivo. 


BRIDGES   AHD  ROOFS. 

BoUci's  Practical  Tr«aUis  on  tht  C^mtniCliQn  of  Iron  Dighwav  Bride**    8vo. 

■         Tbamoc  Rlvrr  Briditr.  4to.  paper. 

Burt'*  Courtr  on  the  SrreaMS  in  Bridges  mtii  Roof  Tmain.  Arcbcd  Rito.  aD4 

SiMptnti'on.  Brfdaa .Ivo, 

Oil  BiH»'i  Mechanict  of  Er.giiwehnx.     Vol.  II.  Small  4M. 

Foaler'a  TtmiIm  on  Wooden  Trestle  Bridrn!  jIa. 

PowW»  Cotltt-imm  Pioc***  lorPian. .  Sm, 

GTccnc't  Roof  Tntuai .  .  Bva. 

Bridge  Trun««    .        .,...,....    .  Bvo, 

Archea  laWoml,  Inn,  and  Stone.  .      trm, 

Bowc's  TrcailK  on  Archct .(tvo 

Dwifn  of  Simple  Roof-tmesea  in  Wood  atMl  Steel Bra. 

Jofacwn,  Brj-aii,  and  TuraMiiu-B'c  Tlieorr  and  Practice  In  the  Deaiptlns  of 

Modem  Framed  Siruciurei . . , Small^ta.    1 

Uvrrinun  and  Jacoby'*  I^it-book  on  Roofi  and  Bridget: 

Pstl  I.— Sirnaes  in  Simple  Tnuaet  Sro, 

Pan  II. — Graphic  Static* 8vo, 

Pan  m.— Bridie  t)eci«n.     4th  Editioa,  Rewrinrn  gro. 

Part  TV.— Higher  Stroelures.  ftw, 

Hori*oo'»H«inv''i>  RiIeIe*. -    .   dto, 

Wnddell's  D«  Pontlbu*.  a  Pocket-book  (or  Brldf*  Entinem.     ttmo,  niora<«o. 

Specific* lion.*  lor  Sloel  Bridsce    ...  .  lima, 

Wood'i  Treatiie  on  the  Theory  of  ilie  Conitnicilon  of  Bridges  and  Roofs  Sm. 
WriBlit'a  Detlinir.s  of  Draw-fpana: 

Part  I,  -  PLate-jirder  Draw»  .  Sro. 

Pari  11.— Riveted- UuM  aiid  Ptn-conoecied  tong-apan  Dtawi 8ro. 

Two  pans  In  one  volume  Reo. 


HYDRAULICS. 

Bajtic't  Biperintenta  upoa  Ibe  Contraction  erf  the  Liquid  Veto  laantnc  from  an 

Oriflee.     (Traunrlna.) 8to. 

Bovev'i  Tieatiae  i>n  Birdraiilk* .  -   Sro. 

Church'*  Hcchanica  of  Enctneerinf -  - .,.....-.,,  -  -  -  .Svo, 

Dusiamiuf  Mean  Vtlocllir  ol  Water  In  Open  Chantiel*  ,.    .    paper. 

-jCnffln'a  Grapliiciil  Solution  of  Hydraulic  Proklenw        lAoo.  uorocto, 

flather'c  Dynamo  me  ten,  and  tl\e  Heanuirnieiil  ut  Powi .         .  ,  .  tjmo, 

Folwell's  Water-aupply  Entlnaarina.  -  -  ■  .tvo, 

Fn»U'*  Water-power. ...  SvOt 

41 


Piurte**!  mi«r  and  Public  HeslUi                                                                 tanw,  i  so 

Wai«r-Altrniion  WflTki  lainn,  i  90 
GkOKuiUal  and  Kuttsr't  Gvocral  FoTinula  lor  tbc  UniJomi  Flow  o(  Water  ia 

Itiv*n  tad  Oihcf  Chuin«li.     *  Heiinc  and  Traulwine.  <                 Bva.  4  00 

Raitn'a  FUtrallon  uf  Publk  Watat-tupiilr                      Std.  3  00 

H*itebuf«t*«  Tow^n  and  Tanks  lor  Water -irnrk*  8to,  a  50 
UendMl's  ■  is  E«p«tiioenti  on  ihe  Cairvtnc  Capacity  ol  Lwt«i  Rlnled,  Maul 

CoDdvin Sro,  1  00 

Haiaa's   Watar-iapulr-     'ConaidctH    PrinclpaUr   fren   a    Saoltarr   Stand- 

patct.  1     3d  Editlaa,  R^wrilteii  ..        Std,  400 

Mafrinan'i  Tr«atla«  on  Bydraulitf.     otb  Edition.  RfwrlttHi.                      9ro.  500 

■  MIrhie't  Etemcnta  of  Analrtical  Hcchanici .                             Svo,  4  00 

Scbuvlei'a   R«MTTOir«   Sat    Irrisarma.   Watet-pown,  and  Dof&Mtk   Water- 

Mpptr                                                    L^nt*  8*0,  5  ao 

**  Thomai  ami  Walt*>  bnproveinent  of  Riren.     (Po«1.,  44  c.  additional^  4I0.  6  00 

Turntaure  and  RuMctl'i  Pubbc  Wai«r-suppUts Bvo.  3  00 

Wcfnaiia'*  D««jgn  and  ConiUuctlon  of  Data*.         .  4t«.  5  00 

Wat«r-*uppl)-o(  theClivof  tfewYitrk  tfom  tAgSU  iSps                         A^a.  10  oo 

Wdibach'a  UTdrauUcm  and  UTdiauUc  Moivfi.      .  Dti  &ois.>                           Bro.  s  00 

WiUon'a  Haniial  of  Irritniinn  Enxinrcrinc                .  .                       Entail  Svo.  4  00 

Wulfl'i  Windinill  a*  a  Piiid«  Mover   .                                  •                              8vo,  j  00 

Wood'i  Turbinat           Svo.  »  50 

Element!  ot  Analytical  Mc<hani<s                                                             8va.  j  00 


llATERIALS  OF  EHGINEERIHG. 

Baker*!  Treatise  on  HaaoriTy  CosHntction  8ro, 

Roadi  and  Parcmanu. .    .         8vo. 

BUck'i  United  State*  Public  Works .  .Oblonc  410, 

&»¥«/!  SireiiKih  of  MatMiali  and  Theorjr  of  Siniettuea.  Svo, 
Burr'i  Elaatldty  and  Retiatanca  or  the  Katerilb  ol  Bsf Inecrinf.     Mi  Edi- 
tion, Rrwtttteti ... Bro, 

Byrne**  Hiihwajf  Ccmwnictlan ..  . B«i. 

Inipection  ol  (h«  Material*  and  Woricmanabip  EnplorH  fit  CoostrwctloQ. 

ihmA, 
Cliurch'a  Mechanic!  ar  BoK'neerioc  8vo. 

Ou  Bolt'i  Uechantca  ot  Eti(io<ctliix.     VoL  I  Small  410, 

JohnMn'a  Mareriab  of  Cflnemutlaa  .Larce  4v*. 

Keep**  Cait  Iron.  8ro, 

Lama'a  Applied  Mechanic*  Bvo, 

Haneci'*  Handbook  on  Teetltii  Matarlalk     (Beniriflf.)     •  Tob.  Bvu. 

MtrriU'eSlonrilorBuiUlticaDdDMoialinn  gvo, 

Meiriman't  Teal-book  oa  ibc  HechaDlc*  of  Maicriali   .  fiva. 

Strength  of  Matrnaii.        .    .  iimn, 

HetcalCi  Steel.     A  Manual  lor  Si vel-osera  iima. 

Patton'*  Practical  TrtalUe  on  Poundalion*.  .    (tv, 

Roekwtll'sRoadiand  Parementaln  Franca,  .  iimo. 

Smith's  Wire ;  fit  Uie  and  Manufacture-   .  Sman  4ta, 

Materialt  of  Machine*. .      uma, 

aiww'a  Principal  Speciea  of  Wood  e*o, 

Spaldlni't  Hydraulic  Cement     .    .  iimo, 

Teit-btvnk  on  RAadi  and  Peramatilt  .  inno, 

Thunton't  Maieriali  of  Engineertnc.     j  Pana.  ....  .   8ve, 

Part  I.-   Ron-Rietatltc  Materiali  ot  En<ineerinf  and  Mslalhir||>         '.Svn, 

Part  n.  — Iron  and  Steel  ...      ,      Bto, 

Part  in.~A  Traatlu  «a  BnuMa,  BraHM*.  tnd  Other  Atlon  <ind  Iheir 
ConetlliwDU '. Bvn. 
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Tlinndan'f  t«xt*b«alt  «f  (lu  M«t«ri«lti  of  CoMtiuctioBl. ,  .                        T  Im.  5  M 

TiUsoo's  SlTt«t  Panmenta  and  Paviiix  H«ierUl3 .Svo,  400 

W*d4*U'l  t*» Pontltrut.     (A  P«ck*r-bi>ok  for  Bridtc  EncinMrtj     tOaM.aMr..  i  Oft 

apacUcaiiontrorfitMlRridcM.      itma.  1   15 

Woo4*«  Trratiu  on  tbc  Resittanco  of  lUtariBk,  ■ad'on  AppeMu  oa  Um  Prc^ 

•rraiJon  of  TinbM \..,.. Bre>  a  «« 

BlomtDb  of  Analylical  Uschuik* , ....Brvi  %  •» 


RAILWAY  EnGTirEERIKG. 

Aiidr«w*'8  HaiwItMtotc  far  Srreet  Railway  Enclneen.     3X5  indus.  morocu}.  1  t% 

Bnv^8uiI4iii»&iidSlniclur««»f  ABwricAO  Railroad! 410.  5  do 

BrMlu*sHaiidka0li  of  fitrrrtRulniad  Location... i6mo.nenCM.  150 

Btttti*l  CItU  Sntf n*et'«  Field-book . .    lAno,  BMrocco.  >  so 

GraodairsTTaBsiiion  Curfs itetOi  noroeco.  t  $0 

lUllwaf  Biti]  Oibcr  Earihvofk  Tabki Cfo,  t  50 

Dawson's  "F.nsinccrinc"  and  Electric  Traclloa  Pocket-book,    tttao,  nococcot  4  00 

Drtdge't  Htsl«n'  o<  the  PennsTl^aD^  Rallroatf :   ( 1879). Paper,  $  00 

*Drink«r'sTiinaeUnc,Esplo«ive  Coin|>otind».andRockDrlDa.4lo.haUi&or,.  as  ^^ 

Tuber'*  Table  of  Cubk  Yardi Cardboard.  15 

Godwio'aRAilroadEngioeen'Flelil-boakaadBxpbren'GtiJde i6raa,taer.,  a  30 

Boward'a  Ttanattioo  Curre  FieM-book ifttno   morocca.  i  SO 

Bndaofi'a  Tablaa  (or  CalculailoK  ibc  Cybk  Coatcnu  ot  EicaTailotifi  aod  Em- 

baiikm«nt« H*i>.?  t   M 

MoUtor  and  Be ard'i  Manual  (or  Raddant  Encinaen i6bw,  t  a« 

HkeIc**  FUld  Hanaal  for  Railroad  EoKni>t«r« iAbm>.  mococco.  «  0« 

PUlbrkk'a  Field  Manual  for  Enxloaan i6mo.  morocco,  5  oe 

|>raii  and  Aldcn's  Sit«et -railway  Road-bad ...--      .  -     Svo.  a  00 

Searlea*!  Field  Entla««rinc —r lOino,  morocco,  3  oe 

Railroad  Spiral. , 16100,  aorocc«k  1  ss 

iKfVa't  Prianoidal  Fomola  and  Bailbwaife , .    . .  8vo.  ■  50 

*  Ttautwinc'i  Hatbod  of  Cakulatinc  the  Cubic  Cootanta  ol  Bzcarationa  aiw; 

Embankments  hj  tbe  Aid  ot  IMaframa. Ive,  i  00 

*  The  Fiild  Practice  ot  LarUw    Out   Citculai   Curm   (or   Railroada. 

lamo,  murocco,  a  so 

*  Croac-tection  ShMt Pd^t,  iS 

Wabb'a  Railroad  ConctrucHon.     ad  Editbm.  Rawrittan..! . , .  iCmo.  moroccs,  s  00 

WoUIncton'i  Bcooomic  Tfaeoni  of  Ibi  Location  o[  Rallwayt Small  Svo.  s  oo 


DRAWING. 

Barr**  Kinemaiin  u(  Macbiotay ...8ve, 

•  Bartleti'i  HKbanlcal  Dniwini . 8*0, 

Coohdge'*  Manual  of  Drawioc .-,.,  ,..,4............ ,  8v«.  papar, 

Dnrlrr't  KiiMfnatlct  of  Machines •««, 

Bill'»  Taxi-book  oaSbadaaand  Sliadowt.aad  Ptnpsctivt.  Svo. 

Jooei't  Machine  Dcugo : 

Part  \. — KiaeniaticsufMachlnetr >'  ••.. Bto, 

Pattn. — Form,  Slr^nctb,and  PTopnnloos  of  Ptrta.  ^ .,t*....Bto. 

MacCoid'a  EkmcoU  of  Dt>ctiptive  G*oto«tr7 .,.,*.*..  .8to, 

KIneniatIca:   or.  Practical  Hecbammi.. ,......,.. ....... ^,1.... .  .Sro, 

■ochaoical  Drawioi ,. ato. 

Velocily  Diacrama   8vo> 

■  Hahan'tUn^ripliveGeomeliy  and  Stooa-CttltilW. Kvo. 

Industrial  Crawlag.    (Tbotapton.) ..•..,*..•.•<.• ftvo. 

Bead'*  TopoKiapbkalDrawins and Skelchiuc «>-.-.-. -4lo. 

S 


J_ 


lUU'a  Catine  IB  HvchuiMl  Dnwiai .^"Tff^^??t S*®*  ^  **" 

Text-book  of  Hactuniul  Diiwlnc  and  ElamsaUf  r  UMhIn*  D««gn     Sto.  j  m 

Robinton'f  PriodplH  of  Uvctuataai 8¥0.  3  00 

SniUi'a  MaDtul  of  TvpoenphiMl  DrawlDf.     (McUUkc] Sro.  a  5" 

Vanen'tEkmanucf  Planc*ad8olidFft*-handO«om«rk«II>T«wlne.  .iJiuo.  1  00 

Diallifli  IntlTumenU  and  Opemioos. •■< timo,  t  33 

Manual  ol  Ktcmentarr  PiojccttoD  DnMtnc.  .....^f--— tomo.  t  50 

Hauital  of  Elcminunr  Brobknis  la  tb*  UoMr  Pin^ctlT*  of  Fecm  «0d 

Shadow. l»»o.  i  i» 

Plan*  Problema  In  Elemenuu?  OeaiacDry ■  ■  i>nio,  t  >5 

Primary  G«oin«irT       , , trout.  75 

iilemcnta  of  Deacrlptivc  GcomcU'v.  Shadows,  uid  Ptnixctiv* .    .Svo,  }  so 

Genecal  Problcma  ol  Shadf  ■  and  Sfaadowa, -Sw.  J  00 

EIcoicdU  of  Machina  Coosuuciioti  and  Dtawiix ■  ■*«>.  7  30 

Probknii.Th«(Htraj,  and  Exampicain  DctcrlptlTtGeiuMUv .,..8»o.  a  5« 

WcUbach's  KlaaiDaUcs  and  the  Powei  ol  TraAinuMivit.       iBennana  an' 

Kkto.) Svo.l  5  00 

Wbelplar'a  Practical  Initniction  tD  tba  Art  of  Latlai' SoctOvlBC tsroa,  a  on 

WU>aa'»Top«|TaphicSur**yiaf •  .Bvo.  3  50 

Ftcc-band  PcKpcclivQ *"*,  >  So 

Fr«c-band  L«tttring.     {In  pnpartthim.) 

VodU'i  ElemcDtarr  Couim  in  DeacrlpilTa  Gooautrr. Xatkc  Svo,  3  do 


ELECTRICITY  ABD   PHYSICS. 

ADilionr  and  Brack*tt'«  Tesi'hpok  fil  phjsies.     (Hacle.) .SmaD  8to,  9  00 

AiithoD7'«L«ciutcfti>teaoiiibf  Tbaorrot  SiectilcalHeaMimMBU isaw.  i  oo 

Beii)ainin*«  Hlitorr  ol  ElMirlclty .Sro.  3  00 

Voltaic  Call. »n,  3  00 

Cla*Mn'i  Ovantiiatlr*  Cbamieal  Analysl*  br  GlcctralTria.    (B«ltvood.V  .Sro,  300 

Creborc  tuA  Sauler"!  Polarbtns  Pbono-diromitrapb tn,  3  00 

Dawicfl*>"Eriruit(i!0|("a[id  Elcctrif  Trattioc  Pocket-book.. ioillo,inofo<co,  4  00 

IDathct'*  DTnamomclcn.  and  tlie  McaHuamaiil  of  Fowtr iimoA  3  00 

Uuoaf*  Ue>I«8net».     *MoH*lav.> 8vo,'  »  SO 

Bolman't  PTcciilonof  Heacomnttnta Btq.  a  00 

TclMcopk  Mbror-acala  Hatbod,  Adjvatmenta,  and  Tatta. taufa  WO.  95 

Laaoancr*!  Speetram  Analysla.    {TlBcb.) Sn,  3  00 

t.«Chataliar'aBlib-l«itip*ratwt«  Moasurcmanta.  (Boudouara— tturieat.liamo,  3  00 

Hfb'aElKttolyaiiaBdElactroarotlwalaofOfsanLcCompoiuids.  (Lorcni.l  iimo,  t  00 

*  LToni'a  Treat  tea  onElacitoniaxrcticPbatuiintna.     Vnto.  I,  and  II.  vvo,  tach,  6  00 

■  M kbl«.     Etamanla  of  Wava  HoUnn  RcktinK  to  Soaod  and  Llsht 8ira,  4  00 

ITLaud«t**  EttmenlarjTKaliac  an  Elrctilc  BallarUa.     (FiahoacK.  >.             tinio,  a   50 

■  Panhall  and  Hi>b«rt'i  Elacitk  CicncTatora. SmaU  4to.  half  morocco,  to  oo 

•  RoMtibtrc'cEkeirical  EniLncering.   IIIaldaoeGa*— Kinibiiumu.) ^o,\  I  50 

Rymn,  ttorrU.  and  Hoxla'a  Elrctrlcal  MachlnarT.     (Jn  preparatiaK.' 

Tbuiaton't  Stetlonarr  Sltam-^nfinta Sto.  a  sv 

•  T111]Ban'>;  KlanirntafTLaMtoaaln  Beat. Bvo,  t   SO 

Torr  and  t  iichcr'i  Mamal  of  taboratorjr  Pb]rftU*, . , , . .  1 1 Snati  ftvo,  a  00 

•               •Davla'a  ElameaM  o(  Law... «■<,.. .*. ...... .Sto,  a  50 

I                *i        Treatk*  on  lb«  HtliUrr  Law  ol  DaiM SUtN .••...t^..^..Svo.  7  00 

I                •                                                                                                                          UiMfs  730 

■                HaooalloT  Covrta-marUal tim»,  taofocco.  t   so 


LAW. 


Sli«|i,  6  s» 

L«w  at  Opcntioot  Pntaoiinary  In  CnniirucUnn  in  Enfinrariiic  •o'  Archi- 

iKlure ■«».  5  ao 

Sh«».  s  so 

Lawdt  Contract*.        8»o,  )  oo 

'WlBiltrop's  AbridrmcBt  a(  HUlur7  Liw  tamo,  a  so 


MARUPACTURES. 


a  SO 
1  90 
a  so 

J  00 
4  00 
J  OO 
1  00 
I  00 
J  00 
a  s« 


BO.    a  OQ 


BFrnadou's  Stnohekas   Powder     NLtro-^cUuloM  Ard  Tlioorr  "'  ihf  CtDulow 

HoItcul« .  tamo, 

BolUnd'i  Iron  PouBder   . lamo. 

"Tbt  Ifoa  Fouoder,"  Suppltmciit. 11019. 

EnciFclopedia  of  FoiindinB  ar4  tHcrtocirr  nf  Foundry  Trrm  V%eA  in  the 

Pfitclice  of  Mauldios.  ,  .  .  tamo, 

EikIct'*  Modern  Hicb  Ctphxires  ftro, 

Eflroct'i  Eniymr*  and  ibcir  Api>Uc:ation.i.      iProKoll.)  8*Xi, 

riit(arald'fc  Boston  Machinist  iSiBa, 

Pofd't  Boilai  Making  for  Doil«r  Maktn  .    iBmo, 

BopklmiS  Oil-cheml*!*'  Hasdbook  .  Sra. 

Ka«p't  CMt  Iron.  .ftvo, 
Ltaeh*!  The  loapection  aod  Analytia  ol  Food  witb  S^ttal  Rcf«reit«c  to  Stale 

ContfOl.      ;/ri  firrpuntfiaii   ) 

BletcaU'i  Steel.     A  Maanal  tot  Stccl-uacn .  la 

Hcualte'*  Coti  of  ManuJactuiM  —  And  the  Admtotnntlon  of  W«rKikapa, 

Public  and  Privatt.  .......  ,   8«o, 

Heyef'i  Hod«ra  Locomotive  CoiKtructlon  4to>   lo  oo 

■  RcUIk'*  Guide  to  Piece-drtins  .Svo.  as  00 
Smith'!  Pren-worklng  ol  Mctah  ,ft«o. 

Wire:    Iti  Dm  uid  HanufacTutc  SnuUI  4ID, 

SpaUlng'f  Hrdraulic  Ccmeot.    . .  . tamo. 

Spencer'^  Huidbuok  for  CbcmJaU  ot  Boei-kutai  Baum  ibma,  morocco. 

Handbook  for  Siiiar  Hanuraclurvn  and  ihair  Cli«m>aU.  i6nto,  a>oraceo, 
Thuraton'a  Manual  ot  Steam- baileri.  thali  Deatina,  Conatructuin  and  Opera- 
tion                    .  8vo, 

Ulke'i  Modarn  ClocUolyilc  Copper  Raflnlof  810. 

■  Walkc'a  L«cluita  00  Exptosim  .  8n>, 
West'H  Americaa  Foundry  Prsctice  1  jma, 

HotjJdrr'a  Ttal-book   .  tamo, 

Wiechmann'M  Sotar  A(uitr«ia  Small  Sro. 

WoIIT'i  Winilinill  at  a  Prime  Moirct  8vo, 

Woodhurr'a  Flra  Piotactkm  at  Milb  Sto, 
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a  00 
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J  wo 
*  00 
I  90 
a  $0 
a  so 
J  M 
a  50 


MATHEMATICS. 

BAker't  Elliptic  Functlost  .    . 

■  Baaa'c  Etetnecu  itl  DlfTareotlal  CaUuluii 
Brifxt'a  Klam«nta  at  Plane  Analytic  Geometry 
Chapman'i  Elcmenury  Course  in  Tbcorir  ol  Equalior.t 
Complou'a  Hanuat  ol  Logarilhmic  Compulations 
]>avla'a  Introduclioa  to  Ibe  Loik  of  Algebra   . 

■  Dkhaon't  CoUege  Algebra 

*       tntrtiductioo  to  ibe  Tlieorr  of  Atfebrak  E«|uatkiiii 
BaHted'i  Rlamenlt  ot  GeomaUr 

F.leRirntary  STntheiic  G«ometrr 

10 


8n', 

t  so 

lanio. 

4   0* 

lano. 

t    0* 

larao. 

1  St 

lamo, 

■   so 

-     8w, 

1  S» 

Larc*  tamo. 

I   90 

Lar^e  now. 

1  as 

.     Svo. 

I  n 

.Bio. 

t  9» 

Small  Bto, 

ilRin, 

Smill  8vD, 

■  mo. 


*  JahoMoa'm  ThTM'plicc  Locmrltbinlc  Tsbln:    TMi-pocket  ■!».  papvr, 

toi  capiBi  tot 
Houated  on  heatr  cBrdbnird.  S  -  lo  biches, 
in  eople*  (or 

Elementary  TiuUw  on  tbc  Inlfcral  Calculu*   

Cunrf  Tradnt  In  CtrtMlaR  C«-«rdlnBn* 

TrcatiM  oa  Ordtnarr  and  Partial  DUIcrentlal  Equadim* 

Theory  of  Errors  aod  the  Method  of  LeaU  Square* 

*  Theoretical  Mecharlca  

Lttpiact'*  Phi1i%«opbica1  Eua;  an  ProbabiHIie*.     '  TruKAii  and  ¥,€aorj.  <   timo. 

*  LudUiw  and  Basx.     Elemetiti  of  Trinooainetty  and  Logarithnh:  and  Other 

T«M*«  »»n, 

Trlsonomrtry  and  Table*  tnibltabed  Mpanttlr..  Eacli. 

Manrer*!  Technical  Hechanlci.     (In  ftrrprtmitan  ^ 

Mrrrlmaa  and  Woodwaid'i  Hifher  Haihtmatto  .  Stu. 

Uerriman**  Mclhml  at  I^nit  Squares  Rro, 

Rice  and  Jotuuon'iBtciDentarr  Treaties  on  tbeDiflerentlalCalcuIn*  Siii..8ro, 
Dilfennilal  and  Inieeral  C«lculu».     i  Tota.  tn  on*  Snuill  Sm, 

Wood*!  Elemenb  olCo-ordlnBie  Geoawtrr   ...  Sro, 

TricoiiAineiry ;  AiiaJrtical.  PWfle,  and  Spherical  iimo. 


I  so 

I  BO 
3  SO 
I   SO 

3   OO 

1  CO 

J  oo 

1  oo 

5  oo 
I  oo 

i  oo 
>  so 

I  oo 


H£CUANICAL    EKGINEERING. 
MATKRIALS  Of  £KGI1I£GR1KG.  STEAM- ERG IHES  AtfD  BOILBRS. 

Baldwin**  Steam  Hea tins  lor  Buildinct tamo, 

Barr't  RtDematifs  of  Machtnfry  ,  8vo. 

•  Bartlett**  Mochanicul  Urawinn  8»<i, 

Saniamla'i  Wriaklceand  Raciiwt.  iitno. 

Carpenter'*  Experimental  En^lneerinc  Avo, 

HMtlnic  and  VentLlailnc  BalMlnri  ....     Svo, 

Clerk'*  (lai  and  Oil  Ebki"*        Small  8vo, 

Coolidfe'*  HUnnil  ol  Urawlns        Bvo,    paper, 

Cr«m«eU*i  Trcatiir  on  Toothed  Caariils  umo, 

TreatlM  en  Baluand  Puller*. i>mo, 

DurleT*!  Kintmatici  of  Macblnet  .....    ......  8vo. 

Flalber'*  Drnamomelcrs  and  the  lfHiBr<niaat  of  Power  urao. 

Rop«  Drlvlni ubw, 

GUI's  Gu  and  Fuel  Analyttt  fat  EosiiiMr*  i  imo. 

Ball'*  Cttr  Ltibrleatlan iimo, 

HuMOD'f  Tliv  Gail  Rn^in*.     </■»  pnparvHtm  1 
Jonei'i  Macbtna  Dengn: 

Part   L— Kiaemalics  of  Mactaitxnr         .  .  .  .  .8vo. 

Part  n.- -Form,  Strensili,  and  Proponiarut  of  Parti  .8vo. 

Kcnt'i  Mtchanical  Encineer't  Pocket •b'lok .  lAno,    OBoroccv, 

Kerr's  Power  and  Power  TransmiMlan  8vo. 

MacCoTiI't  Kiitemaiic*;  oe.  Practical  Mwekaniaiii.  8vo, 

Mechanlenl  Drmwinc 4M, 

VehKilr  Diasranu Bvo. 

Iflahan'a  InduftrUI  Drawlnx.    'Thompaori  i  Svo, 

Poole'i  Calorific  Power  pI  Fuel*  Svw. 

Seid't  Cflurre  in  Mechanical  Drawlnf  Svo, 

Teit-bu'.'k  of  Mec'ianJcl  Drawing  ecid  Rlrmenlary  Maetdne  n««Iffii     8to, 
Richardt'i  Compraeaed  Air  .  iiiao, 

Robinaon'*  Princtplea  of  Hechanbni   .  8to, 

Smith'*  Pren-warklnc  of  Melah .    .  .9n, 

Thurttoo't  Trealue  on    Prkliai)   And   LoM  Wprk   fn    BUchlnarr   sad   Hill 
Work  ..    »v«, 

Animal  a*  a  Machine  and  PHm*  M»lor.  and  the  Lawi of  Sner(«||ca.  I atno. 
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WiuTto'i Ekanott ol  Ifachin* CoMtntcUftn KOj  Pfwiag. 8*0.  7  S> 

WtUbach't  Kinetuiiic*  and  the  Power  ct  TxnrtmSmioti.     BCtTAaaa— 

Xttia.) »¥•,  s  o« 

Wachlncrr  ol  TniwnilBlon  and  Gorernon.     (Bntottim— Ekin.  1  8v«.  5  oa 

Hj-dntnbc*  and  Hydimolic  Mulois.     tDu  Bob.) Sro.  5M 

WoUTa  WlodoiUl  as  a  Prime  Mont Svv,  j  M 

WMd'fl  Tuibioea .  .  •▼«.  I  so 


MATERIALS  OF  EnGIREERinO. 

Boftft  Stmvth  oi  Haicrbb  anil  Theory  o(  StnKturM 8ra, 

BoiT^  EU«ticiiT  acd  RnJsUBcc  ot  Um  Matamb  ol  EagtOMCWC.     6th  Editioo. 

Raaet «^,. .*-.»,*,.. .       .     8w, 

Cbuxlk's  ICkIiuiIc*  of  Eiiclii««(llic **«• 

Johnion'*  MaWrUJi  of  C«ojtroctioa Idtfc  ftro, 

Kaap't  Cut  litta tvo 

liBOM'a  AppU«<t  Mecluakt  ,....•..).••■■>     Svoi 

lUclciu't  Haodbook  on  Xcatiat  Uateiiala.     tHamiiiif. },....,( Stq, 

Mtrrimta'a  Ttxl-baok  an  the  MeehaBlcaollUtwbla. 9n, 

Suanitb  ot  Hatinala ....<. ....rv timo, 

Veieatf**  StteL    A  HanuaJ  for  StMl-OMri iimo 

Smilh'i  Wlr«:   IK  Dm  anil  HaaHtactitf* Saiall  410, 

Haicrialaof  MacHnea. .        .  ..  latno, 

Tbontoa's  Matcriala  of  Essineavas   •■  ■•■^ ...j  Tub.  Sro. 

Parr    H.-  Iron  and  Sloel 8to, 

Pari  m.— A  TrcatiM  vn  Bnutt,  BiooMt,  tad  OHmT  Alton  and  (iMlr 
Conallraaals. Bvs. 

Ttit'book  ct  Ibe  Uaitriab  of  ConatniciioB ita 

Wood's  Tnaibc  on  the  Rc^Moca  o(  Hauriab  u>d  ma  AppandLi  on  th« 
PreMrvalton  of  Timber .  »Tft, 

ElcraatiU  of  ADMlnlcal  Mcchanica .  8*0. 


7  50, 


STEAM.ERGmES  AND   BOILERS. 

CainQt'aSallactloiiioa  itaa  HotlTaPovarof  Baat.     {Tfauntoo.) tamo. 

Dawaon'a  "Enciacerins"  and  ElMlrk  Traction  Pocket-book.  .lOoio.  oior., 

Pord'a  BoU*f  Btaking  loi  BoUar  Hakvrt iSmo, 

Go**'*  Locomoiiva  Spafks. -.. (••••<* ^••«tt'     ^''Oi 

Uttataw^t't  Icdlcaloi  Pfsctice  and  Steuii-«o|tat  BcoBoiar  1  Jiao. 

Bntlon't  Vrchan'cal  Engineering  of  Powei  Plaaia.  ......  Ato, 

Heat  and  Ueat-cnciiiei. ,    .  8v9, 

Kam'aSlcam-bo'ler  Econoiar ......)■..--  .Hto. 

Kiwaia'i  PiBctica  and  Tlwotr  ol  Iba  Injwctor- ............  -  .Bvo, 

HacCotd's  SUde-vatTM .  S*«, 

Mtrti'a  Modem  Locomotlva  CoBiimctioD 4I0. 

Pcabodr*!  HaotuU  at  the  Stean-engine  Indic«toi . .    .     . .       ,  timot 

Tabin  ot  tlw  Propcrtlo*  ot  Satyrattd  Stcan  and  Other  Vapon . Svo. 

themodjmainlea  of  the  Stax^kcn^na  sad  Olhaf  Bajtl-^octiin 8n>. 

Va]«o-(fara  lot  Steam -vniiiwt ,,,. 8va, 

Peabody  ard  UUlat's  Sleam-b^lan 8vo, 

Pra»'»  Twenty  Tcan  »itti  the  InJicator , Larfr  8vq. 

Puplii't  Thtmodr nances  ol  Rcrcxsibla  Crclei  in  Gum  and  Saturated  VaiMra. 

(0(terbaf2.) iiiBO, 

Seaman'*  Lotomotina  i  SJinplc,  Componnd.  and  EkcEric. .  .  laRw, 

Rontcen'i  Pdnclplra  ol  lliermodynainlca.     (DvB*^),..  .    Svo, 

Stoclair't  Locomoiive  Enjiac  Runmng  and  ManagcmMit omo. 

Snan't  Handbook  ol  Knj[in«uloc  L«boraur7  Pnelin .    lano, 

Ssoh'b  Sleam-boikr  Piactks ,. >-,Aj.f,*<i>» 8t<^> 
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BriBfler'i  V«1»«-**«r« viivi., .    ...8w.  aTso 

HotM  OQ  TtwrmMtynamtcs ...iiiao,  too 

SpaagI(r,Gre«n«,  aDdllaish«ir*S]«iB«ntsof  &tHiB-«ncliiMTiB(.....^..8vD,  3  oo 

Thui»U>Q'«H«tK)y  T»bl« : B«>.  1  30 

Manual  of  tbeSuain-encuw   .....w. aTeb.  B«a.  10  oo 

PMt  1.— Hwlorr.  Suuclncc,  and  Ttowwy B^o.  6  OO 

Part  n.—Deticn.  Connractlon,  and  Opcfatta Itd.  6  oa 

Baadbookof  Enciae  acid  Boiler  Triab.aadtha  Vm  ct  Uw  Indicator  and 

Iha  Prosy  Braka 8to.  s  00 

SudoitdnrBlMiiMttKiaM w 8to.  a  $» 

SieuB-boilil  Ezplo^as  in  Tbeorr  and  la  Piaclica lano,  1   !^ 

HaDualof Sleani-boil«r(,TlwlrD**lcDI,CoMtruetlon,aadOpcfatioa.Bvo,  9  OO 

W«i«bacb'(  Heal,  Sieam,  and  Siran-anciiiM.    (Du  Boli.^ 8vo.  5  00 

Whtthatn'*  Ste«at-«n|iiia  l)««itn .Svo,  5  00 

Wlltan't  TraatlM  on  Staata-boLUra.     (Flatbtr.).... i4aa,  1  so 

I'l  Tbcnnodirnaoiiica,  Besl  Hoton,  and  Retrigeraimc  MackliMC   . .   Svo.  4  oo 


MECHAmCS   AlfD  HACmNERY. 


Ban's  Kinematics  o(  Hachiaeiy 8to, 

Bovct'*  Stre>'-«(h  of  Matarialt  and  Tlivory  gf  Stmctufaa    .  .       -8to, 

CbsM'*  The  Art  of  Patt«m-makln| ...  .1  irao. 

Cho  (da L—£s tracts  tioni  LctlMi   lamo. 

Church*!  Hichanki  of  En(in«erlne.'.  -•>< ,.8vo. 

Note*  and  Euunple*  in  Uefhankii.  . .uStOi 

Compton't  Flm  Leagoae  In  Mttal-workinc .  .  .  .tsffio, 

Compton  aod  Oe  Graodi'i  Tbc  Speed  LaUte  .  .  ,  laioot 

Cromweirs  Treatisa  on  Toothed  Oearlnc   . .  iinui, 

Trcaliw  on  Btlta  and  Pullaya .    .  .  iitno, 

DMu't  Test-book  of  Elcincntarr  Maohaalca  (or   the   Um  of  Collage*  aad 

Bchooia -   ,  .    . .  .    .....  t  into, 

THatn't  HachinarT  Palwra  Uaklac ismo, 

Dradifi't   lUcOfd   of   Ihe   Tran»porution   ExhibiU  Buildiog  of  Ih«   WorM't 

Columbian  Expoiitlon  of  1893 410,  Half  moTocco, 

Du  Bob's  Biaaiantary  Principlat  of  Mechanic* : 

Vol.     I.^Ktnematica ,,  .81-0, 

Vol   U.— Statiea 8»o. 

Vol.  IU.--Kln(t)ci i 8»o. 

Hacbanln  of  Eacineerioc.     VoL   t  SnuU   4(0. 

Vol.  [I. .Small   4t«. 

Durbr'a  Kinematica  of  Machinco, 8vo, 

FitiB«rald'»  Bottoo  Uacluflitt ...  i6mo, 

Fbthcr'H  DriiaiBo meters,  and  tha  HeaMirement  of  Power  .  1  iva. 

Rope  Drifins    ... .1  trtio, 

Goai'e  Loconvoiiva  Sparks 8vo, 

B*I1'}  Car  Lubrtcation ....  unto, 

HuUy'i  Art  ot  Saw  FiUnx .    iSmo 

*  Jotinaon'sTheorelicBl  H«chanle> lamo. 

Stattce  by  Graphic  nod  Aliebniic  UnUiodi.  .  Sro, 

Jones'*  Machlna  Dealtn : 

Part    I. — ^Klnetnalic*  of  MaehLoery.  .    

Part  U. — Form,  Strencili,  and  Proportioiu  of  Parte 

Ktrr**  Power  and  Power  Transmitaloo 

Lania's  Applied  Mechanic* 

MacCord'i  Kinomatica;  or.  Practical  Hecbanicm. 

Vrki«ity  Oiaerama .     . 

Maurer**  Technical  ■echanic*.     (In  vfparotitm.^ 


3  00 


8vo, 

I 

50 

8vo, 

J 

00 

Beo, 

a 

oo 

ftn. 

7 

50 

8vo. 

S 

00 

8to. 

t 

90 

Karrlmaa'a  Tczl-book  on  the  MacIubIcs  ot  IbltrUU  in, 

*  Hichia'a  Bkinviiti  af  AiualylicAl  Mcchsnua  .St-o, 

Rcognn**  LoeomatirM:  Simple.  Compouiul, aii4  Etetlrie  iimo. 

Baid't  Court*  in  Mcthanical  Dimvirjc  Srn, 

Text-booh  o(  MeduniMl  DtjiwUi|  iimI  Eknvenurr  tUctiioc  DMisn     ttro, 

Rkh«rd*'f  CoaiprMM4  Ait .....        .      .iiitio, 

RcfalnMtn's  Principles  of  MccImrIbid  ...  ...  8tb. 

Hjai),  HortU,  and  Boxia'a  Electrical  Hacbiii«rT.     tin  jrrrfaeratJw.J 
gincbir'i  I.DCDiuulivc-«n)[iac  Runaiui  bdlI  MaRaxeineRt  lano, 

6aiUb'*  Pr«u-«n>rkinM  ol  llel^.  .  .  .  8«ft, 

lll«ieriaU  ol  Hactune* .    latno, 

Spwotler,  GrMiu.  and  HarihaH'k  Eltmenii  ol  Sie«m-«Qtin(ennc  Wo, 

Thuniati'B  TrialiM   on   Friction  and   Lott   Work  in   HaclUBarT  Btid   MiU 
Work ,  8»o. 

AiilnuliiBa  Machine  and  Prime  Motor,  and  th«  Lawt  of  E&cnelici.  lamv. 

Wairati'*  Elemenn  of  HachliM  CoBttnietion  and  Drawing  S«o, 

W«i(bacti*>    Kinrnuiiic*    and    Ilia   Power   of    Trattamittioi).     (BcrrmaJin — 

KJelri.i  Svo. 

Uachincry  o(  Trantmiwioo  aod  Govoroots.     (Hannaiui— ICUiD.).8vo, 
Wood'i  Ekmentft  of  Analytical  ll«chaaki  Bro. 

Principles  ol  EUoMaiarv  MecbaiilGt   . .  unto. 

Turbine* 8»o. 

Tbe  WorU'aCohiaibiatiExiiacitioaDf  iBu 4*0, 


METALLURGY. 

Cflcaton't  M^allurx)^  ot  SUvor,  Gold,  «i3d  Uercurr' 

Voi   I.    aiver 

VoL    n.— Gold  and  Hvrcunr 

*•  Ilei'a  L*ad-ame(tlnc.     (Pixtac*  »  mMs  •d<IIlloe4L)  t 

Keep"iCa»t  Iroa.  .,      ,. 

Kunhirdi's  Practice  o(  Ore  Drenliic  in  Europe 

L*  Chaitlicr'(  Hisli-iempvcatvrv  H«JiBurem«ni«.   >  Boudouard — Buif en.]. 
Hctcalf '•  Siccl.     A  Manual  (or  Slccl-turn  1 

Smlth't  Halciisb  ul  Maciiirci  ■ 

Thurtton't  Haieruls  ot  Encinvmnc     In  Thna.  Paris 

Part    II. -lion  and  Sl««1 

Pan  111.     A  TroaliM  on  Brauaa,  Bfoaies.  and  Oth«f  AUom  and 

Contlituenta 

Dlki't  Madam  EltcuolyUc  Copper  R«Bn)o«   .    . 


fir  A, 

7  5D 

8vo. 

T  90 

>mo. 

a  SO 

8to. 

i  so 

8vo, 

1   50 

laiBo 

.J  00 

imo. 

a  «« 

imo. 

1  •■> 

8vo. 

8  M 

8vo. 

3  5a 

tlMir 

Bro, 

3  50 

8vo. 

4  00 

MIPTERALOGY. 

Baniimei'i  DcKripitco  or  Miaenils  of  Commatcial  Value.  Obloof,  Riorocco, 
Boyd'i  Rccourcei  of  Scuthwesi  VirgiflU 8ro. 

Haput  SQutliwrK  VtriiQia.  ....  .PocJut-book(o(B). 

Bruih'i  Manual  of  Dcierminative  Hir.eralofy.     (Pcnfleld.l  8vo, 

CtiMter's  Catalotu*  ot  Min«f»to.  . .    .Svo.pKper. 

Cloth. 

Dictionary  ot  (he  )Iara««  of  Min«iab .8tO. 

Dana's  Syttem  of  Miavrelpir-  LATfe  Kvo,  ImU  Jeaibet,    1 

Fini  Appendix  to  Daiu'i  Itcw  "Sytteni  ot  HiuiUou/'-  .     Utie  8*0. 

T«n-book  o4  Miaanlocy       .  ...  , 8*0, 

Hinerali  and  How  to  Study  Them  tamv. 

CauloiEue  of  American  Localiiiei  of  Min«r«lii  I^srceSvc. 

Manual  Af  MbncralaBr  end  PolroKraphy    .....  .    ijmo. 

BclcMon't  Catalogue  of  Uincrab  and  Synonrnn Bvo, 

8uwah'i  The  Deiercni.-ation  of  Rock-lomiDcMinerah,     ISaith.)  SaMlISeo. 
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•  PenfleU'i  II»tM  on  DetermlnstiTt  Waenlon  and  Record  of  Minanl  Tnti. 

8vo,  paper,  o  50 
RoMnbiucb'i  HlcroKopical  Phr>ioErapbT  of  the  Rock-msklDg  HiMnk. 

(Iddinit.) Svo,  5  o«> 

«  TlUmui't  Tazt-book  of  Important  Mlawali  uid  Doeka Svo,  2  00 

WiUUma'i  Muiiwl  of  LitholocT Svo,  3  00 


MUflHO. 

Beard'i  VentilKtiOD  of  Kiaet lamo,  a  so 

Boyd's  ReaourcM  of  SouthwMl  Vircioia Sto,  3  00 

Hap  of  Southweit  Vlnliila Pockct-lwDk  fonn.  a  00 

•  Drinker')  TunneliaCi  Bxploeire  Compounda,  and  Rock  Drllli. 

4to,  half  morocco,  35  00 

BlNler't  Hodem  High  Ezpkidvet Svo,  4  00 

Fowler'e  Sewace  Work*  Analjrwf ismo,  a  00 

Goodycar'a  Coal-mine*  of  the  Western  Cout  of  the  United  Statet lamo,  a  50 

lUeenc'e  Manual  of  BUnlng Sto,  4  00 

**  Ilea'*  Lead-smaMiic.     (Poetaie  9c  addttienaL) lamo,  a  50 

Kunbardt'a  Practice  of  Ore  Dreeiing  in  Europe Sto,  i  so 

O'DrlecoU's  Hotel  00  the  Treatment  of  Gold  Ores 8vo,  2  00 

*  Walke'a  Lecture*  on  ExploelTei Sto,  4  00 

Wilwn'e  Cyanide  ProceMee ramo,  ■  50 

Chlorlnation  Proceae lamo,  i  50 

Hydranlic  and  Placer  lOnlac lano,  a  00 

Treatlae  on  Practical  and  Theoretical  Mine  VentHation lamo,  i   as 


SAinTARY  SCIENCE. 

Copeland't  Manual  of  Bacteriology.     (In  prepamtiort.) 

Folwell'i  Sewerage.     (Deatgning,  Construction,  and  Maintenance.) Bto,  $  00 

Water-supply  Engineering Sto,  4  00 

Fuertee's  Water  and  Public  Beatth ramo.  i  90 

Water-fittration    Works ramo,  a  so 

Gerhard*!  Guide  to  Sanitary  House-inspection i6nio,  i  00 

Goodrich's  Economical  Disposal  of  Town's  Refuse Demy  Sto.  3  go 

Haten'a  Plltratioa  of  Public  Waler-iuppUes Sto,  3  00 

Kiented's  Sewage  Disposal lamo,  I   15 

Leach's  The  Inspection  and  Analysis  of  Food  with  Special  Reference  to  State 

CootroL     (In  preparation.) 
Haioa's    Water-supply.     (Considered    Principally   from   a    Sanitary   Stand- 
point.)    3d  Edition,  Rewritten gvo,  4  00 

Examination  of  Water.     (Chemical  and  Bacterio logical) lamo.  i   as 

Merriman's  Elements  of  Sanitary  Engineering Sto. 

Hlchols's  Water-supply.     (Considered  Mainly  from  a  Chemical  and  Sanitary 

SUndpolnt.)     (i8S3.) .3va,  a  so 

Ogden's  Sewer  Design .lamo,  a  00 

*  Price's  Handbook  on  Sanitation lamo,  1  50 

Rlchards's  Cost  of  Food.     A  Study  In  Dietaries .  lamo,  i  oo 

Cost  of  Living  as  Modified  fay  Sanitary  Science ijmo,  i  00 

Richards  and  Woodman's  Air,  Water,  and   Food   from  a  SaniUry  Stand- 
point         .   Sto.  a  00 

*  Richards  and  Williama'a  The  Dietary  Computer Sto,  i   so 

Rtdeal's  Sewage  and  Bacterial  PurlAcation  of  Sewage Sto,  3  so 

Tumeaure  and  Russell's  Public  Water-supplies Sto,  s  00 

Whipple's  Microscopy  of  Drinking-water 8to,  3  50 

Woodhull'a  Ifotes  and  Military  Hygiene 16100,  i  50 

lo 


00 


miscellaheous. 

Buker*!  Dmp-ma  Sosntflngi 9to,  s  oo 

Bmmona'i  GeoloKical  OnSto-book  of  the  Rocky  MoaaUin  Ezcunlon  of  Um 

Intenuitionyl  Congnw  of  OMdofiati Larc*  8vo,  t  50 

Fcml'i  Popnlar  Treatifle  on  the  Winds 8vo,  4  00 

HaimM'a  American  Bailwar  lUnacanieiit lamo,  a  50 

■ott'aOompodtion,D](astlbiUt7,andIlatritlT«VahMof  Food.   MonntMl  charL  i   15 

FallacT  of  tha  ProNnt  Tbeorr  of  Sound i6nio,  i  00 

IUck«tti*t  Hlatorr  of  RmaHlMr  PolrtocliniG  Inctitato,  iS34-i8(m.  Small  Svo,  3  00 

RottLaitaam'a  Hmn&asizod  Haw  Teatameat Larce  8to,  >  00 

Stoefa  Ttoadaa  on  the  Diinaaet  of  the  Dog 8to,  3  5o 

Tott«i*a  Importsnt  Qoeatlon  In  Metrolofr, . . ., Svo,  2  50 

The  WorU'a  Cohimblan  Bzpoamoo  of  1893 4to,  i  00 

Worceater  and  AOInsoii.    Small  Hoepitala,  Eatabllahment  and  Halntaaance, 
and  Soneations  for  Bos^tal  Archlteclnra,  with  PlaiU  for  a  Small 

Hoapltal lamo,  I   35 

HEBREW  AND  CHALDBB  TEXT-BOOKS. 

Oreon'i  Grammar  of  the  Hebrew  lAOgaage Sto,  3  00 

Elenuntarr  Hebrew  Grammar lamo,  i  35 

Hebrew  Chrestomathr 8to>  3  00 

Gcaeniua'a  Hebrew  and  Cbaldee  Lexicon  to  the  Old  Teatament  Scriptures. 

(Tregellee.) Small  4(0,  half  morocco,  s  00 

Letteris'i  Hebrew  Bible 8ro.  a  15 

16 


II 


.;,  311988 

,..K'- OriC.  OA  M306 


